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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DNA, carrying 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a cell or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DNA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plants genome at some 
variable frequency. The inti-oduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a nomial allelic variant! 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random location(s) in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
sta'ength of expression of the inti'oduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-DNA ends or other vector remnants, exogenous conti'ol 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance mariners. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concems have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 
5 More recentiy, simpler systems involving poly- or oligo- nucleotides have been described 

for use In the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant, animal or fungal genomes. See, for example. WO 99/07865 and U.S. Patent 
10 5.565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and sfructural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
15 alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly- nucleotides have been used which require a tiiplex 
forming, usually polypurine or polypyrimidine. structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
20 Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalentiy linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stebilize tiie 
formation ota triplex and can be mutagenic. Such agents may be required in order to stebilize the triplex 
forming domain of the oligonucleotide witti tiie DNA double helix if the Hoogsteen interactions from Oie 
oligonucleotide/tergetbase composition are insufficient. See, e.g., U.S. Patent 5.422,251. The utility of 
25 these oligonucleotides for directing targeted gene alteration is compromised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking ortetiiering functional 
domain to the oligonucleoti'de. See, e.g.. Culver et al.. Nature Biotechnoloov 17: 989-93 (1999). Such 
30 chimeric or ti-iplex forming molecules have distinct sti-uctural requirements for each of the different 

domains of tiie complete poly- or ollgo-nucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et sd.. Gene Ther. 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et a!., Nature 389:802-803 (1 997). However, the efficiency and 
reproducibility of the published homologous recombination approach In plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein the 
oligonucleotide had no functional domains other tiian a region of complementary sequence to the target 
See Campbell et al.. New Biologist 1 : 223-227 (1989). These experiments required large concenfrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown In 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantiy different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectiy complementary to and bind an mRNA sfrand in order to modify expression 
of a targeted mRNA and are used at high concenfration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them insK^ve as subsfrates for homologous pairing or mismateh 
repair enzymes and the high concenfrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA sfrand or to 
genomic sequences that span the junction between infron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules consfructed from essential cis-acting DNA 
sequence elements tiiat are responsible for the proper replication and partitioning of natural 
chromosomes (Murray etal., 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Cenfromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Buri^e et al.. Science 236:806; Peterson etal.. Trends Genet 13:61 (1997); Choi, etal., Nat 
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Genet, 4:117-223 (1993), Davies, etal.. Biotechnology 11:911-914 (1993), Matsuura, etal., Hum. Mol. 
Genet, 5:451-459 (1 996), Peterson et al.. Proc. Natl. Acad. Sci.. 93:6605-6609 (1996); and Schedl, et al., 
Cell, 86:71-82 (1 996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids. and bacteriophage PI (Sternl)erg et al., Proc. Natl. Acad. Sci. U.SA, 
87:1 03-1 07 (1 990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burl^e etal.. Science, 236:806-812 (1987)). The maximum Insert size is 35-30 kb for cosmids, and 100 
kb for bacteriophage PI, both of vi^hich are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the E. co// fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al.. Genome Res. 
7:179-186 (1997); Shizuya etal., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou et al., Nat Genet. 
6:84-89 (1994); Hosoda etal., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £ co// fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
fi'om the host genomic background by classical alkaline lysis (Birnboim et al., Nucleic Acids Res. 
7:1513-1523 (1979)). In addition, BACs have been developed for transfomriation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:1 07-1 1 6 (1 997); Frary & Hamilton. 
Transoenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efRcientiy alter target DNA. 

Summaiv Of The Invention 

Novel, modified single-sta-anded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed botii In vitm using a cell-firee extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying ftjnction of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental sti-ess tolerance, improved 
nuti-itional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein. 
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oligonucleotides of the invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DNA The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA. For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs). PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA, 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
tiiese artificial chromosome constructs containing plant DNA can be obtained fi-om a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the IVIAFF DNA bank in Ibaraki, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment, tiie target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
oligonucleotides is believed to be largely the result of degradation by nucleases present In the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g.. Koshkin et al., J. Am, Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event, including 
for tiie construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed tiiat increase tiie nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or Z-O-methyl analogs. We recentiy discovered that 
single-stranded DNA oligonucleotides modified to contain Z-O-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamper et al.. 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., locked nucleic acids" or "LNAs", xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen. WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkln. WO 01/25478 also allow specific targeted alteration of 
genetic Information. 

The assay allows for determining tlie optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum sfrand targeted for identifying and selecting tiie most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated. an oligonucleotide fully substituted with 2'-0-mettiyl analogs or an RNA 
oligonucleotide. Such cortrol oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleoti'des of the Invention. The assay further allows for determining 
the optimum position of a gene alteration event wiWiin an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either tiie source of cell exfract by testing different plants or 
sti-ains, or testing cells derived from different plants or sti-ains, or plant cell lines. Using a series of 
single-sti-anded oligonucleotides, comprising all RNA or DNA residues and various mbctures of the two, 
several new sti-uctures are Identified as viable molecules In nucleotide conversion to director repair a 
genomic mutagenic event When exto-acts firom mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay In bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
sto-ucture when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian and plant cells. Molecules containing various lengtiis of modified bases were 
found to possess greater activity than unmodified single-sti-anded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near tiie tennlnl of tiie oligonucleotides, and metiiods for their 
Identification and use In targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismatch repair or 
alterahon by changing at least one nucleic acid base, or for frameshifl repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of the invention direct any such alteration. 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockoufl a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
prefenred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codohs by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons tiiat can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated In a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGI (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine). GAG (glutamate). £AG (glutamine), TIG (leucine), 
TCG (serine). TGG (tryptophan), TAI (cysteine), TAC (tyrosine) 


TAG 


AAA (lysine). GAA (glutamate). CAA (glutamine), TIA (leucine), 
TCA (serine), TAI (cysteine), TAG (tyrosine) 


TAA 



*The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs fi-om chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- n oligo-nucleotides 
used for altering genomic DNA, such as triplex fomning oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation In a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3' terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of ttie invention can efficientiy be used to Inti-oduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant fungal (including yeast) proteins and In cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell exti-acts derived from plants including, for 
example, experimental model plants such as Clilamydomonas reintiardtii, Ptiyscomitrella patens, and 
Arabidopsis tt)aliana in addition to crop plants such as cauliflower {Brassica oleracea), artichoke {Cynara 
scolymus), fruits such as apples (Ma/us, e.g. domesticus), mangoes {Mangifera, e.g. indica), banana 
{Musa, e.g! acuminata), berries (such as cufrant, Ribes, e.g. mbmrn), kiwifiuit{Acf//7/d/a, e.g. chinensis), 
grapes (VBfs, e.g. vinifera), bell peppers (Capsicum, e.g. annuum), cherries (such astiie sweet cherry, 
Pnjnus, e.g. avium), cucumber {Cucumis, e.g. saftVus), melons (Cucumis, e.g. melo), nuts (such as 
walnut Juglans, e.g. regia; peanut Arachis Aypogeae), orange {Citms, e.g. maxima), peach (Pwnus, e.g. 
persica), pear (Pyra, e.g. communis), plum [Pmnus, e.g. domesOca), sti-awberry (Fragaha, e.g. moschata 
or vesca), tomato {Lycoperslcon, e.g. escuientum); leaves and forage, such as alfalfa [Medicago, e.g. 
sativa or tnjncatula), cabbage (e.g. Brassica oleracea), endive {Cichoreum, e.g. endivia), leek {Mum, 
e.g. ponvm), lettuce (Lactuca, e.g. sativa), spinach {Spinacia, e.g. oleraceae), tobacco [Nicotiana, e.g. 
tabacumy, roots, such as arrowroot {Maranta, e.g. amndinacea), beet {Beta, e.g. vulgaris), carrot 
{Daucus, e.g. carofa), cassava {Manihot, e.g. esculenta), turnip {Brassica, e.g. rapa), radish {Raptianus. 
e.g. sativus), yam {Dioscorea, e.g. esculenta), sweet potato {Ipomoea batatas); seeds, including oilseeds, 
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such as beans {Phaseolus, e.g. vulgaris), pea (Pisum, e.g. sativum), soybean {Glycine, e.g. max), 
cowpea {Vigna unguiculata), mothbean {Vigna aconitifolia), wheat {Triticum, e.g. aestivum), sorghum 
[Sorglium e.g. bicoloi). barley {Hordeum, e.g. vulgara). corn (Zea, e.g. mays), rice {Oryza, e.g. saftVa). 
rapeseed (Brassica napus), millet {Panicum sp.), sunflower {Helianthus annuus), oats (/\ve/ia saf/i/a), 
chickpea (C/cer, e.g. arietinum)', tubers, such as kohlrabi (Srass/ca. e.g. o/eraceae), potato {Solanum, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax {Unum e.g. usitatissimum), cotton 
(Gossypium e.g. hirsutum), pine (P/nus sp.), oak {Quercus sp.), eucalyptus [Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass (LoZ/um, e.g. rigidum), petunia (Petunia, e.g. x tiybrida), hyacinth 
[hlyacintiius orientalis), carnation {Diantfius e.g. caryopliyllus), delphinium {Delphinium, e.g. a/ads), Job's 
tears (Co/x lacryma-jobi), snapdragon {Antinrhinum maps), poppy {Papaver, e.g. nudicaule), lilac 
(Syringa, e.g. vw/gans), hydrangea {Hydrangea e.g. macrophylla), roses (including Gallicas, Albas, 
Damasks, Damask Perpetuate, Centifolias, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. Solidago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known In the art The DNA domain of the oligonucleotides is preferably 
fully complementary to one strand of the gene target except for the mismatch base or bases responsible 
for the gene alteration event(s). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 10 bases fi-om one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present Invention comprise phosphorothioate modifications, LNA backbone Oncluding LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2'-0-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
internal duplex sti-ucture within the oligonucleoti'de. The efficiency of gene alteration is surprisingly 
increased with oligonucleotides having internal complementary sequence comprising phosphorothioate 
modified bases as compared to 2'-0-methyl modifications. This result indicates that specific chemical 
interactions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2-0- 
methyl analog incorporation into an oligonucleotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet knov\/n and cannot be predicted. 

In the examples, oligonucieotides of defined sequence are provided for alteration of 
genes irr particular plants. Provided the teachings of the instant application, one of skill in the art could 
readily design oligonucleotides to introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the Invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 
each correcting change, oligonucleotides of length 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39. 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59. 60, 61, 62. 63. 64, 65, 66. 67, 68. 69. 70. 71, 72. 73. 74, 75, 76, 77. 78. 79. 80, 81. 82. 83. 84. 85. 86, 
87. 88. 89, 90. 91, 92. 93. 94, 95. 96, 97. 98, 99, 100, 101, 102, 103, 104. 105, 106, 107, 108, 109, 1 10. 
1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5. 1 1 6. 1 1 7. 1 1 8. 1 1 9. or 1 20 with further single-nucleotide additions up to the 
longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 
comprise the sequences disclosed herein may be used. Moreover, the oligonucieotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables for alteration of particular plant genes 
contain phosphorothioate linkages, 2 -0-methyl analog or LNA (including LNA derivatives and analogs) or 
any combination of these modifications just as the assay oligonucieotides do. 

The present invention, however, is not limited to oligonucleotides that contan any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate linkages or 2*- 
0-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 
than about 17 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 
modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary witii the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2-0-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 

5 efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to conti'ol molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2'-0-methyl 

1 0 substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2'-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

1 5 of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

20 Efficiency of conversion is defined herein as the percentage of recovered substrate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 

25 the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such conti-ol oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2-0-methyl analogs, a perfectiy matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 

30 oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide lengtii, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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Which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-amethylated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material. Including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significanfly, antisense oligonucleotides fall to direct targeted 
gene alteration. The oligonucleotides of the invention may target either sti-and of DNA and can include . 
any component of tiie genome including, for example, intron and exon sequences. The preferred 
embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed sfrand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of tiie DNA. I.e. the oligonucleotides of the invention are complementary to tiie non-ti-anscribed 
strand of tiie target duplex DNA. The sequence of the non-ti-anscribed sti-and of a DNA duplex is found in 
tiie mRNA produced from that duplex, given that mRNA uses uracil-containing nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation tiiat single-sfranded oligonucleotides comprising tiiese 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-sti-anded 
hairpin confr-ol or single-stranded ollgonucleoti'des comprising ottier backbone modifications was 
surprising. The single-sti-anded molecules of the invention totally lack the complementary RNA binding 
sti-ucture tiiat stabilizes a nomial chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5.565.350 yet is more effective In producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-sti-anded hairpin. In addition, the molecules of the invention lack any 
particular ti-iplex forming domain involved in Hoogsteen interactions with the DNA double helix and 
required by otiier known oligonucleotides in ottier oligonucleotide-dependant gene conversion systems. 
Alttiough the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of ttie invention is higher tiian tiie efficiency of sequence alteration using a chimeric 
RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 
alteration or gene conversion directed by an unmodified oligonucleotide Is many times lower as compared 
to a control chimeric RNA-DNA molecule or the modified oligonucleotides of the invention targeting tiie 
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same sequence alteration. Similarly, molecules containing at least 3 2'-0-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 121 nucleotides in length, preferably about 17 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efflciency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, lA 52241) 
(http://www.idtdna.com); tiiis program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 

oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization- potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St, Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelecthtml). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either sti'and of the target DNA, witii the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference In sequence of the oligonucleotide as 
compared to the targeted genomic DNA Is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment the oligonucleotides of the invention are complementary to the non-transcribed 
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Strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA. i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA 

The oligonucleotides of the invention can include niore than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of tiie assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of tfie present invention can be introduced into cells by any suitable 
nroans. According to certain preferred embodiments, ttie modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 
(PEI), electi-oporation, biolistics, microinjection and otiier methods known in tiie art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in anotiier cell type, including for example, yeast or bacterial cells and then introduced 
into a plant cell as. for example, a T-DNA. Plant cells thus modified may be used to regenerate the whole 
organism as. for example, in a plant having a desired targeted genomic change. In other Instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administrati'on of the modified, single-stranded oligonucleotides of the invention to a subject. 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to infroduce or correct multiple point mutations. Each mutation leads 
to tiie addition, deletion or substitution of at least one base pair. The methods of the present Invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may. for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e.g!, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and mettiods of the 
present invention may also be used to infroduce molecular markers, including, for example, SNPs, 
RFLPs.AFLPs and CAPS. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directiy in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for battling cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent Generally, tiie 
ingredients'will be supplied eitiier separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-fi-ee concenft-ate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 pg/kg target tissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal ti-ansfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electa-oporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract, a cell, or a plasmid, such as 
one of those disclosed In the Figures herein, lor use In an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1 . Flow diagram for the generation of modified single-stranded ortgonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-sti-anded oligonucleotides that contain (A) 2'-0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for conrection of kan' in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al.. Cancer Research 
42: 3858-3863 (1982). Each single-sti-anded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan' gene. The numbers 3. 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2'-0-methyl RNA 
residues and the carat indicates the mismatehed base site (G). Figure 1(C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-sti-anded hairpin oligonucleotide used In otiier experiments. Figure 
1 (D) provides a flow chart of a kan experiment In which a chimeric double-sti-anded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK'm4021 . 
A mutant kanamycin gene harbored in plasmid pK'm4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in E.coli (DH106) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence connection of a frameshifl mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pTA208 contains a single base deletion mutation at 
5 position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DAM sequences of representative Ion' colonies. Confirmation of sequence 

10 alteration directed by the indicated molecule is presented along with a table outiining codon distribution. 
Note that 1 0S/25G and 1 2S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (h-) symbol indicates the number of 
colonies with a particular sequence. TAG/TAG indicates a mixed peak. Representative DNA sequences 

1 5 are presented below ttie table with yellow highlighting altered residues. 

Figures. Gene conrection In HeLa cells. Representative oligonucleotides of the 
invention are co-transfected witii the pCMVneoOFIAslH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in tfie antibiotic resistance gene. Correction of the mutation 

20 results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand direcfly to induce fluorescence. Hence cells bearing the conrected plasmid gene appear 
green while ''uncorrected" cells remain coloriess. 

25 Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 

represented in Figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is conteined within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG{ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 

30 coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep}GFP contains a 
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base substitution mutafion introducing a G at nucleotide 137, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction oftiygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay con-ection of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmld. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 10. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leal^y in the presence of raffinose. and repressed in tiie 
presence of dextrose. 

Figure 1 1 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
pBIIOI, pB1 101.2, pBIIOI.3 or pB1 121 available fi-om Clontech in which HygeGFP replaces tiie beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polyllnker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit tiie scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In tills example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation In the kanamycin gene of pK'm4021 (Rgure 2) or the tetracycline gene of 
pT*A208 (Figure 3). All ken oligonucleotides share the same 25 base sequence sun-ounding tiie target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1C and 
Figure 1 D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); teti-acycline gene function is 
restored when a deletion at position 208 is replaced by a C (via firameshift mutation), A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing tiie kan' gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading firame that encodes a receptor for the FiAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., l\iadison, Wl). The resulting construct replicates 
in 5. cerewsiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo-t/FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of tiie stop codon can be detected in real time using confocal microscopy. 

Addiljonal constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 
such as. e.g. those based on T-DNA, can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g.. cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 
expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 
Haseloffetal., Proc. Nafl.Acad. Sci. 94(6): 2122-7(1997). Rouwendal et al. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu et al. FEBS Lett. 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the firequency of codons vinth a C or a G in tiie third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 
alterations. 

We also construct three mammalian expression vectors. pHyg(rep)eGFP, pHyg(A)eGFP. 
pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T137-4G replacement (A) represents a deletion of the G1 37 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. Rrst, we generate overlapping 5' and a 3' amplicons surrounding the mutation site by PGR 
for each of the point mutation sites. A 21 5 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3'). HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 
GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or . 
(ins) by polymerization fl-om oligonucleotide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5'-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and RsrII restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94*C for 1 0 seconds, annealing 
at 55"C for 20 seconds and elongation at 68"C for 1 minute. We digest 10 pg of vector pHYGeGFP and 
5 pg of the resulting fragments for each mutation with Kpnl and RsrII (NEB) and gel purify the fragment 
for enzymafic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest, confirm the mutation by Sanger dideoxy 
chain temiination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotecflon and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described In 
Gamper etal., Biochem. 39, 5808-5816 (2000) and the concentrations deternnined spectrophotometrically 
(33 or 40 pg/ml per Ajgo unit of single-stranded or hairpin oligomer). HUH7 cells are grown In DMEM, 
1 0% PBS, 2mM glutamine, 0.5% pen/strep. The Eco// strain, DH1 OB, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Ceil-free extracts. Although this portion of this example is directed to mammalian 
systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian ceil including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), CI 271 (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 
cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x10^ cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1 .5 mM MgClj; 1 mM D7T) with 250 nM sucrose. 
We then resuspend the cells in cold hypotonic buffer wittiout sucrose and after 15 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 
60 minutes on ice and centrifuge the sample for 15 minutes at 12000xg. The cytoplasmic fl-action is 
enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80'C. We deteiroine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, 5. cerevisiae (yeast), UsSlago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 21 YPO medium for 3 days at 30*C. We then centrifuge the cultures at 
5000x0, resuspend the pellets in a 10% sucrose, 50 mM Tris, ImM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final concentrations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at SOOOxg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at SOOOOxg for 1 5 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80°C. We determine tiie protein concenti-ation of the 
extract by the Bradford assay. 

Reaction mixtures of 50 \s\ are used, consisting of 10-30 pg protein of cell-free exfract 
which can be optionally substituted witii purified proteins or enriched fractions, about 1.5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 |jg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCl2, 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at 30°C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at4'C for 30 min., is washed witii 70% ethanol, resuspended in 50 \i\ HjO, and is stored 
at -20*0. 5 pi of plasmid from the resuspension (~1 00 ng) was ta'ansfected in 20 pi of DH10B cells by 
elecb-oporafion (400 V, 300 pF, 4 kO) in a Cell-Porator apparatus (Life Technologies). After electno- 
poration. cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37'C for 1 h. 
Enhancement of final kan colony counte is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and tiie cell suspension is shaken for a further 2 h at 37"C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 10^ dilution is added to an ampicillin (100 pg/ml) plate. After overnight 37"'C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as tiie ratio of tiie average of the kan colonies on both plates per amp colonies 
multiplied by 1 0^ to correct for the amp dilution. 
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The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 m' aliquots of electro-competent DH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37'C for 
1 hour at which time 50 |jg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
5 Prior to plating, the bacteria are pelleted and resuspended in 200 |j1 of SOC. 1 00 pi aliquots are plated 
onto kan ortet agar plates and 100 pi of a 10^ dilution of the cultures are concurrently plated on agar 
plates containing 100 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 

1 0 are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 31 0 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2'-0-methyl RNA nucleotides or (Figure IB) phosphorothioate 

1 5 linkages. Fold changes in repair activity for correction of kan^ in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan® gene. 

Molecules bearing 3, 6i 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan' system. Alternatively, 

20 molecules bearing 2, 4, 5, 7, 9 and 1 1 1n the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure IB, illustrate an enhancement of correction activity 
directed by some of these modified sti-uctures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 

25 be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-sti-and nholecule containing 24 phosphorothioate linkages Is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of tergeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of con-ection for a specific oligonucleotide molecule of known sequence in defining 

30 the optimum oligonucleotide for a particular alteration event. 

The efficiency of gene repair directed by phosphorothioate-modified, single-sti-anded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the "RNA-contalning" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown In 
the same figure, reducing the RNA residues on each end from 10 to 3 Increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2-0-methyl ribonucleotides were less effective 
gene repair agente than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G"*C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through tiie action of the single-sti-anded molecules 3S/25G (IX), 6S/25G PQ and 8S/25G (Xl) 
respectively contained plasmid molecules harboring tiie targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 12 ttiioate linkages on 
both ends, tiie sequences of the plasmid molecules firom these colonies contain nonspecific base 
changes. In these illustrative examples, tiie second base of tiie codon is changed (see Figure 3). These 
results show that modified single-sb-ands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorotiiioate linkages (S) or 2 -0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule altiiough other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorotiiioate linkages 
on each side of the central G target mismatch base producing a fully phosphorotiiioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in ttie figure and do not depict 
the actual number of linkages of tiie oligonucleotide. Smootii lines indicate DNA residues, wavy lines 
indicate 2 -0-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of tiiose cells from the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (ti-ansformed human primary kidney cells), HeLa cells (human cervical carcinoma), and HI 299 
(human epitiielial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37**C and 5% CO2 in a 
humidified incubator to a density of 2 x 1 0^ cells/ml in an 8 chamber slide (Lab-Tek). After replacing tiie 
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regular DMEM with Optimem, the cells are co-transfected with 10 mq of plasmid pAURNeo(-)FlAsH and 
5 pg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 }jg 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at 37*C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-18 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan^ gene. Correction of the point mutation in this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full lengtii kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set. Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 
CH0-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan®m4021 
(see Figure 1). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 iliusti^ates data from repair of the pkan^m4021 point 
mutation catalyzed by plant cell exti-acts prepared from canola and musa (banana). Colony numbers are 
presented as kan^ or tef and fold increases (single sti'and versus double hairpin) are presented for kan' in 
Tablet 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target. Gene repair Is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorotiiioate linkages at each end (3S/25G). Figure 58 represente a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair In some 
cases, the relative frequency of repair by the. novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 
DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or teti-acycline. The appearance of resistance is measured by genetic readout 
in £co// grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK^m4021 contains a mutation 
(T->G) at residue 4021 rendering it unable to confer antibiotic resistance in E.colL This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, tiie directed correction is from G-*C rather than G-*T 
(wild-type). After isolation, the plasmid is electi-oporated into the DH10B strain of £co//, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process tiiat conti'ols for the influence of electi'oporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to conrect the kan^ 
mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partiy from chimera I in 
that only the DNA sti-and of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan' mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pPA208, described in Figure 1 (C) 
and Figure 3. the capacity of the modified single-stranded molecules ttiat showed activity in correcting a 
point mutation, can be tested for repair of a firameshift. To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet i), which is designed to insert a T residue at position 208, Is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change In the experiments. When 
all reaction components are present (extract, plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above bacl<ground are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementerity is used. 
Rgure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids firom fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide Insertion. These data suggest that 
the single-sfranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison ofphosphorothioate oligonucleotides to 2'-0-methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to Impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2'-0-methyl RNA residues) 
is Inactive. Hence, the original chimeric double hairpin oligonucleotide enabled conection directed, in 
large part, by tiie sta-and containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide afteraitions within the same template. The 
ability of individual single-sti-anded oligonucleotides to con-ect multiple mutations in a single target 
template is tested using the plasmid pK^4021 and the following single-sti-anded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (Indicated as underiined nucleotides): Oligol is a 
25-mer with the sequence nCGATAAGCCTATGCTGACCCGIS corrects the original mutation present 
in the kanamycin resistance gene of pK'm4021 as well as directing another alteration 2 basepairs away in 
tiie target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5'-end sequence 
nCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending In 3 phosphorothioate linkages at tiie 
3' end. Oligo2 directs correction of the mutation in pK*m4021 as well as directing another alteration 21 
basepairs away In the target sequence (boOi Indicated In boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK'M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides tiiat are tiiree nucleotides apart with the sequence 5'- 
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TTGTGCCCAGTCGTAICCGAATAGC-3*; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5'-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3*; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5 - 

5 GCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCMTTGTCTGTTGTGCCCAGTCGT^^ 
AGCCT-3\ The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK'm4021 by monitoring kanamycin 

10 . resistance (the second alterations which are directed by Oligo2 and OligoS are silent with .respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using tiie restilction enzyme Tsp5p9l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 

1 5 are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electi'ophoretic analysis of 
20 nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
25 including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid niti-ogen with a mortar and pestie. We 
extract 3 ml of the ground plant tissue with 1 .5 ml of exti^action buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1 .5 mM MgClj,- 1 0 mM DTT; and 1 0% [v/v] glycerol). Some plant cell-free extracts also include about 1% 
(w/v) PVP. We then homogenize the samples with 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
Bradford assay. We dispense 100 pg (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80'C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv! Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-sfranded molecules were used. 

Tables are attached hereto. 
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Table I 

Gene repair activity is direaed by single-stranded ol^onudeotides. 

OliRonucleotide Plfsmid Extract fuc^ kan^ colonies Fold increase 

I pK^m4021 
I 

n 
n 
m 
m 

IV 
IV 
V 
V 
VI 
VI 

vn 
vn 
vm 
vm 

DC 
DC 
X 
X 
XI 
XI 

xn 
xn 
xm 
xm 



Plasmid pK'm4021 (l^g), the indicated oligonucleotide (1.5 MS chimoic oligonucleotide 
or 0.55 fig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and cither 10 or 20 pig of HUH7 cell-fiee extract were incubated 45 min at 2T*C. Isolated 
plasmid DNA was electroporated into E. colt (strain DHIOB) and the number of kan' 
colonies counted. The data represent the number of kanamycin resistant colonies per 1 0^ 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.059X 


10 


0 




20 


4 


0.009X 


20 


0 






0 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan' colonies (second reaction) and in all reactions was calculated using 
the 20^g sample. 
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Table n 

Modified single^stranded oligomers are not dependent on MSH2 or MSH3for optimal 

gene repair activity* 



A. Oligonucleotide Plasmid Extract kan^ colonies 



DC (3S/25G) 


HUH7 


637 


X (6S/25G) 


HUH7 


836 


DC 


MEF2-^ 


781 


X 


MEF2'^ 


676 


DC 


MEF3"^ 


S82 


X 




530 


DC 


MEF*^ 


332 


X 


MEF*^ 


497 






10 




MEF3^ 


5 






14 



Chimeric oligonucleotide (l.S ^g) or modified single-stranded oligonucleotide (0.S5 |ig) 
was incubated with l^g of plasmid pK'm4021 and 20^g of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2*^ or MSH3 (3^^ deleted. 
MEF^ indicates wild-type mouse embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
number of kanamycin resistant colonies per 10^ ampicillin resistant colonies. 
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Table III 

Frameshifi mutation rqmir is directed by single-strand^ oligonucleotides 



Plasmid 



Oligonucleotide 

Tet K (3S/25A; 0.5 »ig) p-rA208 (l»ig) 



TetIX(O.S|ig) 
Tet DC (1.5 ng) 
Tet DC (2.0 pg) 
Tet I (chimera; 1.5 pg) 



Extract tef colonies 



20ng 



0 

0 

48 

130 

68 

48 



Each reaction mixiure contained the indicated amounts of plasmid and oligonucleotide. 
The extract used fra- these e}q>erimdits came fiomHUH? cells. The data reptesent the 
number of tetracycline resistant colonies per 10* ampicillin resistant colonies generated 
from the same reaction and is ^ average of 3 mdependent experiments. Tet l is a 
chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pT*A208. These oUgonucIeotides are 
equivalent to structures I and DC in Figure 2. 
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TaWelV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 



Oliponucleoride 



Plasmid 



Extract 


kan' colonies 


30|ig Canola 


337 


Canola 


763 


Canoia 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


" Canola 


0 


• Musa 


0 



n (chimera) 
IX(3S/25G) 
X (6S/2SG) 

n 

DC 
X 



DC 
X 



pK^m402I 



Omola or Musa cell-fiee extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide n (U |ig) and 
modified single-stranded oligonucleotides DC and X (O-SSfig) were used to correct 
pK^iii4021. Total number of kan' colonies are present per 10^ anQ>icilliii resistant 
colonies and represent an average of four independent oqperiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this.example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137. at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus conrecting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 137 of the 
hygromycin-B coding sequence as follows, (rep) indicates a T137-4G replacement, (A) represents a 
deletion of the G1 37 and (ins) represents an A insertion between nucleotides 1 36 and 1 37. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 |jg pAUR123 vector DNA, as well 
as, 10 pg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screen. clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP, Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
sun-ounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a. is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a conb-ol. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight ten or more LNA 
modifications on at least one of the two termini (and preferrably tiie 3' terminus) may be used in different 
embodiments. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1. Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 MATaaX low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are infroduced into yeast cells by electi-oporation as follows: to prepare 
electi-ocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow tiie 
cultures overnight with shaking at 300 rpm at 30''C. We then add 30 ml of fresh YPD media to the 
ovemight cultures and continue shaking at 30''C until the ODgoo was between 0.5 and 1.0 (3-5 hours). We 
then wash the cells by centiifuging at 4'C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4'C at 3000 rpm for 5 minutes and resuspend In 1 ml 
ice-cold 1 M sorbitol and ttien finally centiifuge the cells at 4-C at 5000 rpm tor 5 minutes and resuspend 
the cells in 120 pi 1M sorbitol. To ti-ansfbrm electi-ocompetent cells with plasmids or oligonucleotides, we 
mix 40 Ml of cells witii 5 pg of nucleic acid, unless otiierwise stated, and incubate on ice for 5 minutes. 
We ttien ti-ansfer the mixture to a 0.2 cm eledroporatlon cuvette and electroporate w'rth a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 pF, 200 Q for one five-second pulse. We then immediately resuspend ttie 
cells in 1 ml YPD supplemented with 1 M sorbitol and incubate tiie cultures at 30"C witti shaking at 300 
rpm for 6 hours. We then spread 200 [jI of this culture on selective plates containing 300 pg/ml 
hygromycin and spread 200 pi of a 10^ dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30''C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gerie conversion efficiency by detemiining the number 
of hygromycin resistance colonies per 10^ aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown In Figure 8 Id correct a fi-ameshlft mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction In yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasntid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5'- 
CTCGTGCnrCAGCTTCGATGTAGGAGGGCGTGGGTAfiGTCCTGCGGGTAAATAGCTGCGCCGATG 
GTrrCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5'- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5- 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCG6GTAAATAGCTGCGCCGACG 
GTrrCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting tfie sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concenti-ations from 0-3.6 pg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe Increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG{rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further Indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficlentiy than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the Invention are clearly able efficientiy to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation In pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that rt supports the highest level of correction. 
However, this same approach could be used to detemiine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concenti-ations from 0-10.0 pg. As shown in 
Table 9, we observe that the con-ecti'on efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev. HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10^) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting tlie sense strand of the target sequence corrects more efRciently. 



Amount of Oligonucleotide (pg) 


Colonies per liyg 


romycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140 (7.5x)* 


2.4 


62 


167(3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 


pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucieotide concentration in electroporated yeast cells. 



Amount (|jg) 


Colonies on 


Colonies on 


Corection efficiency 




hygromycin 


aureobasidin (/10^) 




0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Ceil Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used witti cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficol! Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using eittier 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38' cells are purified from the 
nfiononuclear ceils using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either fi-eshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 
S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 100 pg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 (jg/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 |jg/ml low-density lipoprotein (LDL; 
Sigma. St Louis, MO), 50 mM HEPEs buffer and 50 |jM 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand. stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 
microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4' C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37' C prior to microinjection. After Incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 pm to 0.3 pm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37" C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact alive and remain attached to tiie 
plate post injection. Molecules that are flpurescentiy labeled allow determination of the amount of 
oligonucleotide delivered to the cells. 

For in vitro erythropoiesis fi-om Lln"CD38" cells, the procedure of Malik, 1 998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in tiie cultured cells. The injected cells are able to retain their proliferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(p*) to sickle T (3^) mutation in the p-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populati'ons of cultured cells can be manipulated using any 
method known to those of skill in tiie art including, for example, the use of poiycations, cationic lipids. 
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liposomes, polyethylenimine (PEI), electroporatlon, blolistics, calcium phosphate precipitation, or any 
other method known in the art 

Biolistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashlge and Skoog salts from Gibco/BRL, 500 mg/liter IVIes, 1 
mg/liter thiamin, 100 mg/liter myo-inositol, 180 mg/liter KH2P04. 2.21 mg/liter 2,4-dichlorophenoxyacetic 
acid (2,4-D), and 30 g/liler sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 100% ethanol) is transferred to a 1.6 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of Ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 IVI spermidine is added. The tube Is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 10 min and are centrifuged at 1 1,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 10 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance fi-om power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1.0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-1000 He particle delivery system or comparable machine following manufacturers insti-uctions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concenti-ation of 
oligonucleotide according to tiie procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
elecfroporation of a protoplast derived from a plant part. The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallols et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditi'ons for electroporation use 
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about 3x10^ protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CM codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will temninate the reading frame and produce a defective truncated protein, shortened at the site 
ofthe stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1 , into a plant 
cell, Agrobactehum tumefaciens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A tumefaciens Is transformed by electroporation 
(using a BioRad Gene Pulser™), Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E co// by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 10% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
|jF,200Qand2.5kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce the T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infilti'ation or by dipping flowers in an Agrobacterium solution containing a 
surfactant e.g. L-77. Seeds are then collected, grown and screened for presence of ttie T-DNA 
Alternatively, Agrobacterium can be used to transfonn callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated . 
by reference as if each individual publication or patent application were specifically and Individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of Illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in tiie art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing firom the spirit or scope of the appended claims. 

Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
con-ectthe respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
alteration/mutation confers. 

For most enti-ies, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number Is the wild type residue and to the right of the number Is tfie mutant codon. Terminator codons 
are shown as "TERM". At the nucleic acid level, the entire ti-iplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing tfie mutation site-specifically in the genome or in cloned DNA including DNA in arti'ficial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing portions of the sequence of tiie 121 base 
sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 1 21 nucleotides in lengtti. Sequence may be added non-symmetiically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change In the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 121 nt oligonucleoti'de 
centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement 
targets the opposite sti-and of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 1 7 nt domain of the first oligonucleotide, also centered about tiie repair/alteration nucleotide. The 
fourtii oligonucleotide is the reverse complement of the third, and thus represents ttie minimal 17 nt 
domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
Engineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 
high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been at the forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plante may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing Into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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Table 10 

Genome-Altering Oliaos Conferring GIvphosate Resistance 



Phenolype, Gene, 
Pl3iit>Targ,eted 
Alteration 




SEQID 

\ NOt 




Glyphosate Resistance 
EPSPS 

Arabidopsis thaliana 


AAGCGTCGGAGATTGTACTTCAACCCATTAGAGAAATCTCCGGTC 

nATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 

TTCTCGCTGCTCTGTCTGAGGTATATATCAC 


4341 


Gly97Ala 
GGC-GCC 


GTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 


4342 




GCTTCCTG£CTCCAAGT 


4343 




ACTTGGAGfiCAGGAAGC 


4344 


Glyphosate Resistance > 
EPSPS 

Brassica napus 


AAGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTC66GTC 
rCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
rrCTTGCCGCTCTATCTGAGGTACATATACT 


4345 


Giy93A!a 

GGA-GCA ( 

• 


^GTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 
CTCTGATTGGTTGAAGCACAATCTCTGAAGCTT 


4346 




bOTALCCGCATCCAAAT 


4347 




^TTTGGATGCGGGTAGC 


4348 


Glypliosate Resistance i 
EPSPS 1 ' 
Nicotiana tabacum 


^GCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 

^CTGTTAAA^GCCTGCTTCTAAATCCCTTTCCAATCGTATTCTCC 

ITCTTGCTGCCCTTTCTAAGGGAAGGACTGT 


4349 


Gly95Ala j 
GGT-GCT ( 

1 


^CAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT 

3GAAAGGGATTTAGAAGCAGGCAATTTAACAGTGCCTGATATATC 

ITTGATGGGTTGCAGCACAATCTCGTTGGGCT 


4350 


/ 


^ 1 1 GUCTGCTTCTAAAT 


4351 


> 


\TTTAGAAGCAGGCAAT 


4352 


Glypliosate Resistance > 
EPSPS 2 y 
Nicotiana tabacum / 


\l IGII lUUITGGTACGAAATGTCCTCCTGTTCGAATTGTCAGCA 

\GGGAGGCCTTCCCGCAGGGAAGGTAAAGCTCTCTGGATCAATT 

\GCAGCCAGTACTTGACTGCTCTGCTTATGGC 


4353 

~wwv 


Gly62Ala ( 
GGA-GCA ( 

( 


3CCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
3AGCTTTACCTTCCCTGCGGGAAGGCCTCCCTTGCTGACAATTC 
3AACAGGAGGACATTTCGTACCAAGGAAACAAT 


4354 


( 


XTTCCCGCAGGGAAGG 


4355 


( 


XTTCCCTfiCGGGAAGG 


4356 


Glyphosate Resistance / 
EPSPS 1 
lea mays ; 


VMumuui IGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
■CGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 
^GCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4357 


Gly168Aia c 
GGT-GCT C 

f 


3CCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
JAGCTTGACCTTGCCAfiCAGGTAGCCCTCCGATTCCATTGACAC 
5AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 
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Phenotype, Gene 








S:x:::::::::^^:i;5:x:::S^^: 


5EQID 

. kOi: 


Rant* Targeted 
Aiteratipn 








:%:S:S:::S:::::$x$x:Sl:::S:^ 

: Altering Oligos ■ , I 






GCTACCTGCTGGCAAGG 


4359 


CCTTGCCAGCAGGTAGC 


4360 


Glyphosate Resistance 

EPSPS 

Oryza sativa 

Gly115AIa 

GGT-GCT 


ACTGTTTCCTTGGCACTGAATGCCCACCTGTT CGTbTC 
ATTGGAGGACTrCCTGCTGGCAAGGTTAAGCTCTCTG( 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


lAAGGGA 4361 
3TTCCAT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGG 
GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCC1 
GAACAGGTGGGCATTCAGTGCCAAGGAAACAGT 


AACCAGA 4362 
rTGACAC 


ACTTCCTGCTGGCAAGG 


4363 


CCTTGCCAGCAGGAAGT 


4364 


Glyphosate Resistance 
EPSPS 

Petunia X hybrida 

Gly93Ala 

GGC-6CC 


A /^/^/^T — i-^~r"/^ A A "T" A /^T/^TT/^ A A ^^/^/^ A "1 1 AAA A A T "I" 

AGCCTTCTGAGATAGTGTTGCAACCCATTAAAGAGATT 
CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAA 
TCTTGCTGCCTTATCTGAAGGAACAACTGT 


TCAGGCA 4365 
TTCTCCT 


ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAA1 
GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGy^ 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 


rrCTATTA 4366 
AATCTCT 


ATTGCCTGCCTCTAAAT 


4367 


ATTTAGAGGCAGGCAAT 


4368 


Glyphosate Resistance 

EPSPS 

Lycopersicon 

esculentum 

Gly97Ala 

GGT-GCT 


AACCCCATGAGATTGTGCTAGNACCCATCAAAGATATA 
CTGTTAAATTACCCGCTTCGAAATCCC 1 1 1 CCAATCG Ti 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 


JCTGGTA 4369 
'VTTCTCCT 


ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGA/^ 

AAA /^OO AT r"T/>0 A A ^O/^O/^T A A 1 1 '1' A A A /^T A< 

GGAAAGGGAl 1 1 CGAAGCGGGTAA 1 1 IAACAGTAC0A( 
TTTGATGGGTNCTAGCACAATCTCATGGGGTT 


JACGATT 4370 
3ATATATC 


ATTACCCGfiTTCGAAAT 


4371 


ATTTCGAAGCGGGTAAT 


4372 


Glyphosate Resistance 
EPSPS 

Lolium rigidum 

Gly107Ala 

GGT-GCT 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGKATC 
TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGG 
AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 


JAACGGCA 4373 
5TTCCATC 


GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGG 
CAGCnAACCTTGCCAGCAGGTAGCCCTCCAATGCCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


AACCAGA 4374 
ITTGATCG 


GCTACCTGCTGGCAAGG 


4375 


CCTTGCCAfiCAGGTAGC 


4376 
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Table11 

Genome-Altering Oliqos Conferring imidarolfnone and Sulfonylurea Herbicide Resistance 



10 



15 



20 



25 



Pbenotype, Gene, 
' Plants Targeted 


Altering Oligos ./ - ... .-i '^ 




AfteratioB 


Sulfonylurea / 
Resistance / 
ALS c 


VGCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
■V 1 oA-vo/AvjoMUMMvj 1 uxLr 1 LrV3 1 1 A 1 oA 1 1 oVj I AuAGATGCGTTT 

:aagagactccgattgttgaggtaacgcgtt 


4377 


Arabidopsis thaliana / 
Pro197Ser c 
CCT-TCT c 


^CGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
^rin 1 1 MooMuortoMtj/HU M u 1 ou I U 1 oA 1 1 (jCTACAAGAGGAA 
iACTATCTAACAACGCATCGGCTAATCCGCT 


4378 


C 


3ACAAGTCICTCGTCGT 


4379 


fi 


^CGACGAGAGACTTGTC 


4380 


^sulfonylurea fi 
Resistance A 
ALS c 


^UUGGATTAGCCGATGCGTTGTTAGATAGTGl I CCTCTTGTAGCA 
k 1 onuftvjiaftUMMia 1 i^UA^Ub 1 ovjl ATGATTGGTACAGATGCGTTT 
)AAGAGACTCCGATTGTTGAGGTAACGCGTT 


4381 


Arabidopsis thaliana A 
Pro197Gln c 
CCT-CAG c 


ACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 

!AATPATAPf2AP^^f*T/^/^AOTT/^T/^/^TOT^ ATT-/^/-»-r A/-IA A<->A/^i->« > 

.MM 1 v^M 1 Miy»jAObOi.bbAU 1 1 blCCTGTGATTGCTACAAGAGGAA 
lACTATCTAACAACGCATCGGCTAATCCGCT 


4382 


A 


CAAGTCCAGCGTCGTC 


4383 


T 


ACGACGCTGGACTTGT 


4384 


tiulfonylurea A 
Resistance A 
ALS C 


UUUGATTAGCUUATGCGTTGTTAGATAGTGTTCCTCnGTAGCA 

TnAnARf5APAA(^TPr'A APr^Tr>OTAT/^ATT/">/-»TA/-i A/-» A-r/-ki^/-»-»-«-f 

1 uMOM<jnjMVjMMk3 1 UL.AMU\j 1 1 A rCaA TTGGTACAGATGCGTTT 
AAGAGACTCCGATTGTTGAGGTAACGCGTT 


4385 


Ai^bidopsis thaliana A 
Pro197Gln C 
CCT-CAA C 


ACGCGnACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
AATn ATAfif? APftTT<^ <^ AP'TT/^Tr>r>T/^T/^ ATT/^r>T a/->aa/-«a/-v/-ia « 
nn 1 *_.M 1 MV/V3M<^oj_|.V3oAU 1 1 V3 1 00 1 o 1 oATTGCTACAAGAGGAA 

ACTATCTAACAACGCATCGGCTAATCCGCT 


4386 


A 


CAAGTCCAACGTCGTA 


4387 


X 


ftCGACGTTGGACTTGT 


4388 


midazolinone G 
Resistance T( 
ALS A 


ACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 

SCCGATGATCCCGAACGGTGGCACmCAACGATGTCATAACGG 

ftGGAGATGGCCGGATTAAATACTGAGAGAT 


4389 


Arabidopsis thaliana A 
Ser653Asn T( 
AGT-AAC G 


rCTCTCAGTATnAATCCGGCCATCTCCTTCCGTTATGACATCGT 
SAAAGTGCCACCGTTCGGGATCATCGGCAACACATGTTCTTGGT 
CGGACAAATCACATCCAACAGGTAAGGTC 


4390 


G 


ATCCCGAACGGTGGCA 


4391 


T( 


SCCACCGTTCGGGATC 


4392 
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Phenotypa, Gene, 
: -^ft..? ^Alteration ^ 


' ' Altering OiigW' „ , . 


SBQ ID; 

NO:' ^ 


Imidazolinone 

Resistance 

ALS 


GACC™CCTGTTGGATGTGAI 1 1 G 1 GCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAATGGTGGCACTTTCAACGATGTCATAACGG 

AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4393 


Arabidopsis thaliana 

Ser653Asn 

AGT-AAT 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAAAGTGCCACCATTCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4394 




GATCCCGAAIGGTGGCA 


4395 




TGCCACCATTCGGGATC 


4396 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4397 


Oryza sativa 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4398. 




GCCAGGTCTCCCGCCGC 


4399 




GCGGCGGGAGACCTGGC 


4400 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4401 


Oryza sativa 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGIIGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4402 




CCAGGTCCAACGCCGCA 


4403 




TGCGGCGIEGGACCTGG 


4404 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4405 


Oryza sativa 

Pro171Gln 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGeiGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4406 




CCAGGTCCAGCGCCGCA 


4407 




TGCGGCGCIGGACCTGG 


4408 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4409 


Oryza sstiva 

lle627Asn 

ATT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCAITTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4410 




GATCCCAAATGGGGGCG 


4411 
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\ 'Plant* Targeted 
Alteration 


r , - Altering Ollgos ' ^ . 


SEQID 
MO; 






ubOoCOCAll IboGAlC 


4412 




ouiiunyiurca 

Resistance 

ALS 


1 UUCaCGCTCGCCGACGCUU 1 CiCTCGATTCCGl CCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TCCAGGAGAGGCCCATCGTCGAGGTCACCCGCT 


4413 


5 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 






GACAGGTGICGCGACGC 


4415 






GCGTCGCGACACCTGTC 


4416 


10 


^1 ilfnn\/li irAo 
OUIIUi lylUica 

Resistance 
ALS 


UUUUUL; I UUUUGACGCGCTGCTCUATTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4417 


Zea mays 

Pro165Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


4418 






ACAGGTGCAGCGACGCA 


4419 






1 UU(i 1 (JUCIGCACCTGT 


4420 


15 


imiaazoiinone 

Resistance 

ALS 


GGCCCi 1 ACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 




Zea mays 

Ser621Asn 

AGT-AAT 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATrAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4422 






GATCCCTAATGGTGGGG 


4423 






CCCCACCATTAGGGATC 


4424 


20 


iiiiKjazoiinone 

Resistance 

ALS 


UUUUGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4425 




Zea mays 

Ser621Asn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTrAGGGATCATAGGCAACACATGGTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4426 






GATCCCTAACGGTGGGG 


4427 








4428 


25 


Sulfonylurea 

Resistance 

ALS 


ICCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 

CATCACGGGGCAGGTCICGCGCCGCATGATCGGCACGGACGCC 

TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


30 


Lolium multiflorvm 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 
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Phenotype, Gene, 
Pl^nl * Targetod 








NO;/' 




GGCAGGTCICGCGCCGC 


4431 




GCGGCGCGAGACCTGCC 


4432 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCCCTCCTCGACTCCATCCGCATGGTGGUC 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4433 


loWum muttiflorum 

Pro167Gln 

CCG-CAG 


GAGC6GGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCG 
TGCCGATCATGCGGCGCIGGACCTGCCCCGTGATGGOCAOLA I b 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCIGGACCTGC 


4436 


Imidazolinone 

Resistance 

ALS 


CTGGGCCATACTTGTTGGATATCATCGTCCCTCACCAGGAGCAIG 
TGCTGCCTATGATCCCTAACGGTGGTGCTTTCAAGGACATTATCA 
TGGAAGGTGATGGCAGGATTTCGTATTAAAC 


4437 


Lolium multiflonim 

Ser623Asn 

AGC-AAC 


GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
AAGCACCACCGTTAGGGATCATAGGCAGCACATGCTCCTGGTGA 
GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGFAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGU 
CATCACGGGCCAGGTCTCAL/bt/UoUA 1 oA 1 UooL.aovjIjAUol.o i 
TCCAGGAGACGCCCATAGTGGAGGTCACGCGCT 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 

CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 




GCCAGGTCICACGCCGC 


4443 




GCGGCGTGAGACCTGGC 


4444 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCGGACGGTCTCCTCGACTCCATCCCCATGGTCGUC 
&Tr^Amr:r2rr'Ar^r5TrrAAr'fiprftrATfiATnGGCACGGACGCGTT 
CCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4445 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GAGCGCGTGACCTCCAGTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCGTIGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGGGTCGGCGAGCGCGG 


4446 




CCAGGTCCMCGCCGCA 


4447 




TGCGGCGTIGGACCTGG 


4448 
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10 



15 



10 



30 



Pbenotype, Sene, 
Plartt& Targeted 
Alteratfod 


+ Miienng uiigos , ' ^ , 


;SEaiD 
NO; 


Imidazolinone 
Resistance 
Al ^ 

Hordeum vulgare 

Ser524Asn 

AGC-AAC 


ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 
TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


4449 


TCAGTACGAGGTCCTGCCATCACCCTCCATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 


GATCCCAAACGGTGGTG 


4451 


CACCACCGTTTttRftATP 


4452 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


1 UU f U 1 UGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4453 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4454 


GTCAAGTCICTCGTCGG 


4455 


UUUAUQiAGAGACTTGAC 


4456 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186GIn 

CCT-CAA 


GTGGTCTCGCTGATGCAAIGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4457 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4458 


TCAAGTCCMCGTCGGA 


4459 


1 UUUAUUTIGGACTTGA 


4460 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


U 1 UU 1 U 1 CGCTGATGCAA TGGTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4461 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCG6TA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4462 


TCAAGTCCAGCGTCGGA 


4463 


roCGACGCTGGACTTGA 


4464 


midazollnone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


oft^u 1 1 rtu 1 Ha 1 1 C3»ja 1 K3 1 (jA 1 1 b 1 OOCAOA 1 LAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCnrCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


4465 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4466 




GATCCCCA^TGGAGGCG 


4467 
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Phenotype, Gene, ^ : 




NO; 


PJ3nt& Targeted 




' . Alteration. 




CGCCTCCATTGGGGATC 


4468 


Sulfonylurea 

Resistance 

ALS 


TCTGGTCTTGCTGATGCACTTCnGACTCAGTCCCTCTTGTCGCC 

ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCTTITC 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 


4469 


Amaranthus 

retroflexus 

Pro192Ser 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4470 


CCC-TCC 


GGCAAGTITCCCGGCGT 


4471 




ACGCCGGGAAACTTGCC 


4472 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGnCAACGGCGTATGATTGGTACTGATGCI MIC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4473 


Amaranthus 

retroflexus 

Pro192Gln 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4474 


CCC-CAA 


GCAAGTTCAACGGCGTA 


4475 




TACGCCGTIGAACTTGC 


4476 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTrGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCI 1 1 IC 
AAGAGACTCCAAnGTTGAGGTAACTCGATC 


4477 


Amaranthus 

retroflexus 

Pro192Gln 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATGATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4478 


CCC-CAG 


GCAAGTTCAGCGGCGTA 


4479 




TACGCCGfilGAACTTGC 


4480 


Imidazolinone 

Resistance 

ALS 


gaccgtatctgctggatgtaatcgtaccacatgaggagcatgtgc 
tgcctatgatccctaacggtgccgccttcaaggacaccataacag 
agggtgatggaagaagggc™™gttggt 


4481 


Amaranthus 

retroflexus 

Ser652Asn 


accaactaataagccgttcttccatcaccctctgttatggtgtcct 
tgaaggcggcaccgttagggatcataggcagcacatgctcctga 
tgtggtacga™catccagcagatacggtc 


4482 


AGC-AAC 


gatgcctaacggtgccg 


4483 




cggcaccgfagggatg 


4484 



wo 01/92512 
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PCT/USOl/17672 



Phenotype^ Gene, 




. r. 


Plant 5t Targeted 
Alteration 


Altenng Oligas . . : . 


; MO: 


Sulfonylurea 

Resistance 

ALS1 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTfiATRri III 

CAGGAAACTCCTATTGnGAGGTAACTAGAT 


4485 


Nicotians tabacum 

Pro194Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTACC 
GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 




GTCAAGTGICACGTAGG 


4487 




CCTACGTGACACTTGAC 


4488 


Sulfonylurea 

Resistance 

ALSl 


gcggcctcgctgacgcgctactggatagcgtccccattGttgct 

ATAACAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGr 1 1 1 1 
CAGGAAACTCCTATTGTTGAGGTAACTAGATC 


4489 


Nicotiana tabacum 

Pro194Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 
CTATCATCCTACGTTRCACTTGArinTfiTTATAfiPAArAATfifJRrSA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 




TCAAGTGCAACGTAGGA 


4491 




TCCTACGTTGCACTTGA 


.4492 


Imidazollnone 

Resistance 

ALS1 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACAIGI 1 1 1 

ACCTATGATTnnnAATRfir;r^ftAf5mTTPAAAf5ATf5Tr;ATPAr'A^A 

GGGTGACGGGAGAAGTTCCTATTGAGTTTG 


4493 


Nicotiana tabacum 

Ser650Asn 

AGT-AAT 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TG AAARPTrrfiPP ATTGf^G A ATP ATAf5f;TA A A AP ATr^TTPPTP AT 
1 1 \^ov3V>^or\ 1 1 Ov3V3r\r\ 1 \jr\ 1 AVao 1 /Wv\wA lull 1 oA 1 

GAGGTACAATCACATCCAACAAGTATGGCC 


4494 




GATTCCCAATGGCGGAG 


4495 




CTCCGCCAFGGGAATC 


4496 


Sulfonylurea 

Resistance 

ALS2 


AGTGGCCTCGCGGACGCCCTACTGGATA6CGTCCCCATTGTTGC 
TATAACCGGTCAAGTGTCACGTAGGATRATPrsriTAPTGATGPTnT 

CAGGAAACTCCGATTGnGAGGTAACTAGAT 


4497 


Nicotiana tabacum 

Pro191Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGAPPGGTTATAGPAAPAATGGGGAP 

GCTATCCAGTAGGGCGTCCGCGAG6CCACT 


4498 




GTCAAGTGICACGTAGG 


4499 




CCTACGTGACACTTGAC 


4500 


Sulfonylurea 

Resistance 

ALS2 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACCGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCTnr 
CAGGAAACTCCGATTGnGAGGTAACTAGATC 


4501 


Nicotiana tabacum 

Pro191Gln 

CCA-CM 


GATCTAGTTACCTCAACAATCGGAGTrrCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTIGCACnGACCGGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAG6CCAC 


4502 




TCAAGTGCAACGTAGGA 


4503 



wo 01/92512 
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PCT/USOl/17672 



Pbenotype, Gene, 
.plants Targeted, 


' " Altering Ollgas- ' / T""'/ - 
. ... - ' • -'.^••.v...r.i...-.x.*..\.-.5..^i.... 




: ^ Alteratrori^^^v- 


NO; 




TCCTACGTTGCACTTGA 


4504 


Imidazolinone 
Resistance 
ALS 2 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACATGTTCT 
ACCTATGATTCCCAATGGCGGGGCTTT CAAAbATb 1 bAI OAOA^aA 
GGGTGACGGGAGAAGTTCCTATTGACTTTG 


4505 


Nicotiana tabacum 

Ser647Asn 

AGT-AAT 


CAAAGTCAATAGGAACnCTCCCGTCACCCTCTGTGATCACATCTT 
TGAAAGCCCCGCCATTGGGAATCATAGGTAGAACATGTTCCTGAT 
GAGGTACAATCACATCCAACAAGTATGGCC 


4506 




GATTCCCAATGGCGGGG 


4507 




CCCCGCCAITGGGAATC 


4508 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTTGCTGAIGCI 1 1 ATTAGACAC3TGTTCCAATGGTTGCTA 
TTACTGGTCAAGTTTCCAGGAGAATGATTGGAACAGATGUtj 1 II UA 
AGAAACCCCTATTGTTGAGGTAACACGTT 


4509 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


AACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTCC 
AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAACA 
CTGTCTAATAAAGCATCAGCAAGACCACT 


4510 




GTCAAGTITCCAGGAGA 


4511 




TCTCCTGGAAACTTGAC 


4512 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCTGAIGCI 1 IATTAGACAGTGTTCCAATGGTTC3CIAI 
TACTGGTCAAGTTCAAAGGAGAATGATTGGAACAGATGCbr 1 lUA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4513 


Xanthium spp. 

Pro175Gln 

CCC-CAA 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTIIGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 




TCAAGTTCAAAGGAGAA 


4515 




TTCTCCTIIGAACTTGA 


4516 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTTGCIGAIGGI 1 1 ATTAGACAGTGTTCCAATGGTTGCTAT 

«^ A A A ^ A ^ A A A ATi^ A T~"r/^^^ A A O A^^ AT^^OO ill r^A 

TACTGGTCAAGTTCAGAGGAGAATGATTGGAACAGAIGOGI 1 luA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


4517 


Xanthium spp. 

Pro175Gln 

CCC-CAG 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGnC 
CAATCATTCTCCTCIGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 




TCAAGTTCAGAGGAGAA 


4519 




TTCTCCTCIGAACTTGA 


4520 


Imidazolinone 

Resistance 

ALS 


GGGCCTTACTTGTTGGATGTGATCGTGCCCCATCAAGAACATGTG 
TTGCCCATGATCCCGAATGGTGGAGGTTTCATGGATGTGATCACC 
GAAGGCGACGGCAGAATGAAATATTGAGCTT 


" 4521 


Xanthium spp. 

Ala631Asn 

GCT-AAT 


AAGCTCAATATTTCATTCTGCCGTCGCCTFCGGTGATCACATCCAT 
GAAACCTCCACCATTCGGGATCATGGGCAACACATGTTCTTGATG 
GGGCACGATCACATCCAACAAGTAAGGCCC 


4522 
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Pbenotype, GenSj 
Plant & Targeted 
- - Alteration 




< 

SEQID 

MO:' 






TGATCCCGAATGGTGGA 


4523 






TCCACCATrCGGGATCA 


4524 




Sulfonylurea 

Resistance 

ALS 


TCCGGG 1 II UU 1 (iA 1 GU 11 ICiU 1 UGATTCCGTTCCACTGGTGGCG 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGTTGAGGTAACACGGT 


4526 


5 


Bassia scopaiia 

Pro189Ser 

CCG-TCG 


ACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 


4526 






GGCAGGTGICGCGGCGA 


4527 






TCGCCGCGACACCTGCC 


4528 


10 


Sulfonylurea 

Resistance 

ALS 


UUUUiti 1 11 GC 1 GA 1 GC II 1 GCTCGATTCCGTTCCACTGGTGGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCTTTT 
CAGGAGACTCCTATTGTTGAGGTAACACGGTC 


4529 


Bass/a scopaiia 

Pro189Gln 

CCG-CAG 


GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCTGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 






GCAGGTGCAGCGGCGAA 


4531 






TTCGCCGCIGCACCTGC 


4532 


15 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGCTTGATGTGATTGTACCTCATCAGGAGCATGTGC 

TGCCTATGATTCCTAATGGTGCAGCCTTCAAGGATATCATTAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 


4533 




Bassia scopaiia 

Ser649Asn 

AGT-AAT 


GAACATCAATAACTTGTTCTTCCATCACCTTCGTTAATGATATCCTT 
GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 






GAnCCTAATGGTGCAG 


4535 






CTGCACCATTAGGAATC 


4536 


20 


Sulfonylurea 

Resistance 

ALS1 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 

CAnACAGGACAGGTCICTCGCCGGATGATCGGTACTGACGCCTT 

CCAAGAGACACCAATCGTTGAGGTAACGAGGT 


4537 




Brassica napus 

Pro182Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4538 






GACAGGTCTCTCGCCGG 


4539 






CCGGCGAGAGACCTGTC 


4540 



BNSDOCID: <WO 018251 2A?_I_> 
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Phenotype, Oehe/ 
' >larrt &;Targete£l 


Altering Oligos ^ ' | j 


<)tv lu 




NO: 


Sulfonylurea C 
Resistance / 
ALS1 C 


5CGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
™CAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCTT 
:CAAGAGACACCAATCGTTGAGGTAACGA6GTC 


4541 


Brassica napus C 
Pro182Gln C 
CCT-CAA / 


3ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
:CGATCATCCGGCGnGGACCTGTCCTGTAATGGCGACAAGAGG 
^CACTGTCAAGCATCGCGTCTGCTAACCCGC 


4542 


/ 


^CAGGTCCAACGCCGGA 


4543 


1 


"CCGGCGIIGGACCTGT 


4544 


Sulfonylurea ( 
Resistance / 
ALS 1 ( 


3CGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
^TTACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCCTT 
XAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4545 


Brassica napus ( 
Pro182Gln ( 
CCT-CAG / 


BACCTCGTTACCTCAACGATTGGTGTCTCnGGAAGGCGTCAGTA 
:CGATCATCCGGCGCIGGACCTGTCCTGTAATGGCGACAAGAGG 
\ACACTGTCAAGCATCGCGTCTGCTAACCCGG 


4546 


f 


VCAGGTCCAGCGCCGGA 


4547 


1 


rCCGGCGfilGGACCTGT 


4548 


Imidazolinone ( 
Resistance 1 
ALS1 > 


3ACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

rACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

\GGGGATGGTCGCACTAAGTACTGAGAGAT 


4549 


Brassica napus i 
Ser638Asn 1 
AGT-AAT ( 


\TCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCn 
rGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
3CGGACATATCACATCCAACAGGTATGGTC 


4550 


( 


3ATCCCAAATGGTGGCA 


4551 




rGCCACCAITTGGGATC 


4552 


Sulfonylurea ( 
Resistance ( 
ALS 2 


:agcgggttagcagacgcgatgcttgacagtgttcctcttgtcg 
dcattacaggacaggticctcgccggatgatcggtactgacgcc 
itccaagagacaccaatcgttgaggtaacgagg 


4553 


Brassica napus ( 
Pro126Ser ( 
CCC-TCC ( 


xtcgttacctcaacgattggtgtctcttggaaggcgtcagtacc 
satcatccggcgaggaacctgtcctgtaatggcgacaagaggaa 
3actgtcaagcatcgcgtctgctaacccgctg 


4554 


( 


sgacaggttcctcgccg 


4555 


( 


dggcgaggaacctgtcc 


4556 


Sulfonylurea i 
Resistance i 
ALS 2 


^gcgggttagcagacgcgatgcttgacagtgttcctcttgtcgc 
cattacaggacaggtcactcgccggatgatcggtactgacgcct 
rccaagagacaccaatcgttgaggtaacgaggt 


4557 


Srass/ca napus i 

Pro126Gln 

CCC-CAG 


^cctcgttacctcaacgattggtgtctcttggaaggcgtcagtac 
cgatcatccggcgagtgacctgtcctgtaatggcgacaagagga 

^CACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4558 




GACAGGTCACTCGCCGG 


4559 
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f 


'henofype, Gene, 
Plant & Targeted ' 
Alteratfon 


Altering Ollgos ''\ 

' ' . .. ' '• - ."' V'" 


r NO: 




CCGGCGAGTGACCTGTC 


4560 


Imidazolinone 

Resistance 

ALS2 

Brassica napus 

Ser582Asn 

AGT-AAT 


GACCATACGTGTTGGATGTGATATGTGCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4661 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4562 


GATCCCAAATGGTGGCA 


4563 


TGCCACCATTTGGGATC 


4564 


Sulfonylurea 

Resistance 

ALS3 

Brassica napus 

Pro179Ser 

CCT-TCT 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


ACCTCGnACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 


4566 


GACAGGTCICTCGCCGG 


4567 


CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 

Resistance 

ALS3 

Brassica napus 

Pro179Gln 

CCT-CAA 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4569 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTGATGGCGACGAGAGG 

AACACTGTGAAGCATCGCGTCGGCTAACCCGC 


4570 


ACAGGTCCAACGCCGGA 


4571 


TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 

Resistance 

ALS3 

Brassica napus 
rro 1 /yvjjin 
CCT-CAG 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCIGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4574 


ACAGGTCCAGCGCCGGA 


4575 


1 GObLiOGCTfaGACCTGT 


4576 


Imidazolinone 

Resistance 

ALS3 

Brassica napus 

Ser635Asn 

AGT-AAT 


GACCGTACCrGTTGGATGTCATCTGTCCGCACCAAGAACATGTGT 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTATTACATCTT 
TGAAAGTGCCACCAUTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACAGATGACATCCAACAGGTACGGTC 


4578 
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: ''Phenotype.Gene, . - 
^ Plant &Targoted 
Ic-:-- Alteration 






. ^ Altering 0|lgos ' . m 




NO: 








GA 


1 CCCAAATbbl tiboA 


4579 


TGI 


CCACCAITTGGGATC 


4580 


Sulfonylurea 

Resistance 

ALS 

Oryza sativa 

Pro171Ser 

CCC-TCC 


TCI 
CC 
CT 


DGCGCTCGCCGACGCGC/TbU l UbAt. I uuts i uL/Uoa i lao i 

ATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 

TCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


AG 
CC 

GG 


CGGGTGACCTCGACTATGGGCGTCTOU 1 iaijAAvauuva i Uwo i o 

GATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

lACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 


GC 


CAGGTCTCCCGCCec 


4583 


GC 


;ggcgggagacctggc 


4584 


Sulfonylurea 

Resistance 

ALS 

Oryza sativa 

Pro171Gln 

CCC-CAA 


CC 
CA 
TT 


IGCGCTCGCCGACGCGU 1 U U 1 UUAU I uuu i uuv^iaM i i oov^ 
JCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
CCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4585 


Gfi 

GC 
GC 


kGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAbbOb I Ubb 1 

jcgatcatgcggcgttggacctggcccgtgatggcgaccatcg 
5acggagtcgagcagcgcgtcggcgagcgcgg 


4586 


CC 


JAGGTCCAACGCCGCA 


4587 


TG 


5CGGCGIIGGACCTGG 


4588 


Sulfonylurea 

Resistance 

ALS 

KjiyjLO oauva 

Pro171Gln 
CCC-CAG 


CC 
C/ 
TT 


/GCGCTCGCCGACGCoCTGO 1 UoAU I l/L»vj 1 OOOoA l vjij i uov^ 
^TCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
CCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4589 


G/ 
G( 
G( 


\GCGGGTGACCTCGACTATbbvjUb 1 U 1 i vjoamouou i ov^o i 

:CGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

3GACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4590 


pr 
ov 




4591 


TC 


BCGGCGCTGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 

Oryza sativa 

Ser627Asn 

AGT-AAT 


G( 
T( 

Al 


SCCATACnGTTGGATATCATCGTCCCGCACCAGGAGCATGTUC 
3CCTATGATCCCAAATGGG6GCGCATTCAAGGACATGATCCTGG 
rGGTGATGGCAGGACTGTGTATTAATCTAT 


4593 


Al 
T( 
G 


rAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
BAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
CGGGACGATGATATCCAACAAGTATGGCC 


4594 


G 


ATCCCAAATGGGGGCG 


4595 


Ci 


GCCCCCAITTGGGATC 


4596 
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Phenolype, Sene, - 
Plant* Targeted ' 
1 Aiteration 




1 NO; 




1 ouiiuiiyiurca 
Resistance 
ALS 

Zea mays 

Pro165Ser 

CCG-TCG 


i U 1 UUGCTCGCAGACGCGrrGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


5 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGC6TCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 






GACAGGTGICGCGACGC 


4599 






GCGTCGCGACACCTGTC 


4600 


10 


ouiTonyiurea 

Resistance 

ALS 

Zea mays 

Pro165Gln 

CCG-CAG 


CTGuuu 1 CGUAGACGCGl 1 GCTCGACTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 




GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATGG 

GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 






ACAGGTGCAGCGACGCA 


4603 






1 bCG 1 U(i(JT(iUACCTGT 


4604 


15 


irniuazoiinone 

Resistance 

ALS 

Zea mays 

Ser621Asn 

AGT-AAT 


Ubuuii 1 AUG 1 CTTGGATATAA 1 CGTCCCGCACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATrrTrtfi 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 




ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTrrTfift 

TGCGGGACGATTATATCCAAGAGGTACGGCC 


4606 






GATCCCTAATGGTGGGG 


4607 






CCCCACCATTAGGGATC 


4608 


20 


ouiTonyiurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


1 1 u 1 UGCTGATGCAAI GCTCGATAGI ArCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTr 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4609 




ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4610 






GTCAAGTCTCTCGTCGG 


4611 






oOGACGAGAUAUTTeAC 


4612 


25 


Sulfonylurea 

Resistance 

ALS 


V3 1 1 V/ 1 1 oM 1 \jO/\A 1 1 OlaA 1 Ab 1 A 1 LOO 1 OTCGTGGCGA 

TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


30 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGIIGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4614 






TCAAGTCCAACGTCGGA 


4615 



BNSDOCID: <WO 019261 2A?_L> 
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^ Phenol^e, Gene, 
; Plant * Targeted 
Alteration; 






'1 Altering pligos ; 'I. '/' 






TCCGACGIIGGACTTGA 


4616 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCCi/ 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTC( 
AGGAAACTCCAATTGITGAGGTAACAAGGTC 


\ 4617 

-> 


Goss^ium hirsutum 

Pro186Gln 

CCT-CAG 


GACCTTGTOCCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGC 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4618 


TCAAGTCCAGCGTCGGA 


4619 




TCCGACGCTGGACTTGA 


4620 


Innidazolinone 

Resistance 

ALS 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACA I C3 1 UU 
GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGi 
GGGTGATGGAAGAACACAATATTGACCTCA 


T 4621 

A 

r\ 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTl 
TGAAAGCCCCTCCAFGGGGATCATAGGCAGGACATGTTCTTGA" 
GTGGGACAATCACATCCAACAAGTAAGGTC 


r 4622 

r 


GATCCCCAATGGAGGGG 


4623 




CCCCTCCATTGGGGATC 


4624 


Sulfonylurea 

Resistance 

ALS 


TCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCT TGI UUUt 
ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCl 1 1 1 
AAGAGACTCCAATTGTTGAGGTAACTCGAT 


: 4625 


Amaranthus powellii 

Pro192Ser 

CCC-TCC 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
AATCATACGGCGGGAAACTTGCCCAGTAATGGCGACAAGAGGG) 
CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


C 4626 
\ 


GGCAAGTTICCCGGCGT 


4627 




ACGCCGGGAAACTTGCC 


4628 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTrGTUUUUJ 
TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGC/U 1 1 y 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


\ 4629 


Amaranthus powellii 

Pro192Gln 

CCC-CAA 


GATCGAGTTACCTCAACAATTGGAGTCTGTTGAAAAGCATCAGT/ 
CAATCATACGCCGIIGAACTTGCCCAGTAATGGCGACAAGAGGC 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4630 

>A 


GCAAGTTCAACGGCGTA 


4631 




TACGCCGIIGAACTTGC 


4632 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACrrCTTGACTCAGTCCCTCTTGTCGUt; 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCi 1 1 1 
AAGAGACTCCAATTGnGAGGTAACTCGATC 


A 4633 
C 


AmaranUius powellii 

Pro192Gln 

nCCCAG 


GATCGAGTTACCTCAACAATrGGAGTCTCTTGAAAAGCATCAGT; 
CAATCATACGCCGCIGAACTTGCCCAGTAATGGCGACAAGAGG< 
ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


\C 4634 

Q 
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Pbenotype, Gene, 






Plant e Targeted , 
Alteration 


^ Altering Oligos . , 






GCAAGTTCAGCGGCGTA 


4635 




TACGCCGCIGAACTTGC 


4636 


imidazolinone 

Resistance 

ALS 

Amaranthus powellii 

Ser652Asn 

AGC-AAC 


GACCGTATCTGCTGGATGTAATCGTArrAPATPAnr^AnrATrTm 

TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
MVjVjij 1 \jf\ 1 oUAAbAAbobCTTATTAGTTGGT 


4637 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGTTAGGGATC 


4640 
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Table 12 

Genome-Altering Oliaos Conferring Poro hyric Herbicide Resistance 



Phenotype, Gene, 


' ' ' 






NO: . 


Rant & Targeted 
Alteration 


. Alteriog OJigos 


orpiiyiiu nciuiuiuc 

Resistant ^ 

PPO > 


rCTTGCGCCCTCTnCTGAATCTGCTGCAAATGCACTCTCAAAACT 

\TATTACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 

\GCAATCCGAACAGAATGTTTGATAGATGG 


4641 


Val365Met 
GTT-ATG 


3CATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 
rAGATACTGCTGCCAirGGTGGGTAATATAGTTTTGAGAGTGCATT 
rGCAGCAGATTCAGAAAGAGGGCGCAAGA 


4642 




CCCACCAATGGCAGCAG 


4643 




CTGCTGCCAITGGTGGG 


4644 


Porphyric Herbicide 

Resistant 

PPO 


TATTACGTCCTCTTTCGGl 1 GCCGCAGCAGATGCAU 1 1 lUAAAl 1 I 
CTACTATCCCCCAATGGGAGCAGTCACAATITCATATCCTCAAGAA 

GCTATTCGTGATGAGCGTCTGGTTGATGG 


4645 


Nicotians tabacum 

yawmet 

GTT-ATG 


CCATCAACCAGACGCTCATCACGAATAGGTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCAnGGGGGATAGTAGAAATTTGAAAGTGCA 
TnTGCTGCGGCAACCGAAAGAGGACGTAATA 


4646 




TPPrrrAATGGGAGCAG 


4647 




CTGGTCCCATTGGGGGA 


4648 


Porphyric Herbicide 

Resistant 

PPO 

Cichorium intybus 

Val383IVlet 

GTT-ATG 


TGTTGCGTCCGCTTTCGl 1 GGGTGCAGCAGATGCATTG i UAAAAI 
TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 

CGCAAnCGTGCTGACCGGCTGATTGATGG 


4649 


CCATCAATCAGCCGGTCAGCACGAATTGCGTCI 1 1 luGATATGAA 
ATTGATACAGGTGCCAICGGAGGATAATAAAAI 1 1 IGACAATGCAT 
CTGCTGCACCCAACGAAAGCGGACGCAACA 


4650 


TCCTCCGATGGCAGCTG 


4651 




CAGCTGCCATCGGAGGA 


4652 


Porphyric Herbicide 

Resistant 

PPO 

Spinacia oieracea 

Val390IVIet 

GTT-ATG 


TCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTCnTCAAAATT 
TCATTATCCACCAATGGCAGGTGTGTCACTTTCCTATCCTAAAGAA 
GCAATTAGATCAGAGTGCTTGATTGACGG 


4653 


CCGTCAATCAAGCACTCTGATCTAATTGCTTCTTTAGGATAGGAAA 
GTGACAGAGCTGCCATTGGTGGATAATGAAAI 1 1 IGAAAGAGATTC 
TRnttRCGACATCTGAAAGTGGACGAAGGA 


4654 


TCCACCAATGGCAGCTG 


4655 




CAGCTGCCAFGGTGGA 


4656 
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rTTCTAAnGCTTCCTTTGGATACGAAAC 
AGTTACAGCAGCCAICGGTGGATMTAGAATCTTGATAGAGCATC 
TGCAGCATCGCTTGAAAGT6GACGCAAAA 



TCCACCGATGGCTGCTG 



CAGCAGCCATCGGTGGA 



4659 



4660 



Porphyric Herbicide 

Resistant 

PPO 

Oryza sativa 

Vai364IVIet 

GIT-ATG 



TCTTGCGGCCAUl 1 1 CAAG I GATGCAGCAGATGCTCTGTCAATATT 

CTATTATCCACCAATfiGCTGCTGTAACTGTTTCATATCCAAAAGAA 

GCAATTAGAAAAGAATGCTTAATTGACGG 



CCGTCAAnAAGCATTCTTTTCTAATTGCTTCTTTTGGATATGAAAC 
AGTTACAGCAGCCATTGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACTTGAAAGTGGCCGCAAGA 



TCCACCAATGGCTGCTG 



CAGCAGCCA1TGGTGGA 



4661 



4662 



4663 



4664 



Porphyric Herbicide 

Resistant 

PPO 

Chlamydomonas 
reinhardtii 
VaiaSSMet 
GTG-ATG 



CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 
CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 

CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 

CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCAICGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 



ACCCGCCGATGGGCGCC 



GGCGCCCAICGGCGGGT 



4665 



4666 



4667 



4668 



Table 13 

Genome-Alterina Ollaos Conferring Triazine Resistance 



25 



Phenotype, Gene, 
Plant & Targeted 

^;^^$iAlterat^on 


Altering Oligos ; t 

— ^ — . 1^ - ' ' _ ' 


seqid' 

\ NO: 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCn 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


4669 


Ser264Thr 
ACT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAAnGnGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 



BNSCXDCID: <WO ^019251 2A2J_> 
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'Phetiotype,Gene, : 
Plant & Targeted 
Alteration 


^ Alterthg Ofifios 






ATATGCTACTTTCAACA 


4671 


Triazine Resistant 
D1 Protein 
Nicotiana tabacum 


TGTTGAAAGTAGCATAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAfsnTGCTTGGCCTGTAGTAGGTATCTG 


4672 
4673 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAvaOAoU i au^jahw^mo i \3\nn.\-'y^ryr\ 

cgagagttgttgaaagtagcatattggaagatcaatcggccaaaa 
taaccatgagcggctacgatgttataagttt 


4674 


ATATGCTACTTTCAACA 


4675 


TGTTGAAAGTAGCATAT 


4676 


Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGGl lAI 1 1 iGGCCGAI IbAl 
CTTCCAATATGCTACTTTTAACAACTCTCGCTCTTTACATTTCTTCT 

TARCTGCTTGGCCTGTAGTAGGTATCTG 


"~4677 


_ . — — T.^T-Ar\A/^/^r'^AA r^r^hf^ rr AArsAAf^AA ATRT A AAG AG 
CAGATACCTACTACAGGCCAAGCAbU 1 aa^aa»j/w\ i v3 i n^onv? 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCGGCTACGATATTATAAGTTT 


4678 


ATATGCTAG 1 1 1 1 AACA 


4679 
4680 


j Triazine Resistant 
D1 Protein 
Petunia x hybrida 
Ser264Thr 
AGT-ACT 


TGTTAAAAGTAGCATAT 

AAArTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAftnTGCTTGGCCTGTAGTAGGTATCTG 


4681 


^ A ^ A-i- A/%^-rA/^TA/-^A/^nr>nA AnPAf^OTAf^nAAfiAAfiTGTAACGAA 

CAGATACCTACTACAGGOuAAVjUAVjU I MOOMAOnnO l V5 i ru-vv^v-*rv^ 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATATTATAAGTTT 


4682 


ATATGCTACTTTCAACA 


4683 


III _ ■ i-> ■ A A A ^^^^ A'T* A^T 

TGTTGAAAGTAGCATAT _=== 


4684 
" 4685 


1 Triazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Tlir 

AGT-ACT 


AAAPTTATAATATrttTAGCTGCICATGGTlAl 1 1 1 UUUuGATTGAT 

AAAUI 1 Ml AMI A\ 1 1 MOW 1 1 >-rr^ 1 WW 1 i *^ 

CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCC 
TAfiCTGCTTGGCCTGTAGTAGGTATCTG 




^ A A A-r A A r^T A/> A pnpp A A(^P Ar^PTAnRAARAAATGTAAAGAA 

CAGATACCTACTACAooULrAAoLrAOLr l MOOnnOAWn l l rv-v-\wr^ 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA1 
AACCATGAGCAGCTACGATATTATAAGTTT 


4686 


ATATGCTACTTTCAACA 


4687 


TGTTGAAAGTAGCATAT 


4688 


Triazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Tiir 
AGT-ACT 


- AAACCTATAATATTGTAGCAGCIUAIGGTTAI 1 1 IGGCCGAI IGAI 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4689 

> 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAUA/ 
CGAGAGTTG1TGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


^. 4690 

i 


ATATGCTACTTTCAACA 


4691 



wo 01/92512 



-66- 



PCT/USOl/17672 



Phenot^e, Gene, 
Plants Targeted 
Afteratfon. 



Triazine Resistant 
D1 Protein 
Glycine max 
Ser264Thr 
AGT-ACT 



I riazine Resistant 
D1 Protein 
Brassica napus 
Gly264Thr 
I GGT-ACT 



Triazine Resistant 
D1 Protein 
Oryzasativa 
Ser264Thr 
AGT-ACT 



IGTTGAAA6TAGCATAT 

AAAUUAIAATATIGIAGCIGCTCATbbI lAI 1 1 IGGCCGA7TGAT 
CTTCCAATATGCAACm^AA^AATTnTPr--^^r^■r-r^-A^A^^^™' 



SEQID 



CTTCCAATATGCAACTTTCAACAAnCTCGTTCTrTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 

CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAGR TTT ^'^'^^^^^'^T 

ATATGCAACTTTCAACA ' 



TGTTGAAAGTTGCATAT 

AMAUi lAUAAUAT IGlAGClGCTCACGbl lAI 1 1 IGGCCGATTGAT 

CTTCCAATATGCTACTTrCAACAATTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTAnTG 

^AAD^^LfiicCGGCCM^^ 

A?;^SS?II2™^^^^^A'^ATTGGAAGATCAATCGGCCA^ 
AACCGTGAGCAGCTACAATGTTGTAAGTTT v^oavwm 

ATATGCTACTTTCAACA ' — 



4693 



4694 



4695 



I nazine Resistant 
' D1 Protein 
I Zea mays 

Ser264Thr 
AGT-ACT 



TGTTGAAAGTAGCATAT — 

AAACTTATAATATTGTGGCCGCTCATGGTTATTTrGGC^^^ 
SII$£^!^^T?i^TAC^ 

TGGCTGCTTGGCCTGTAGTAGGGATTTn 

CM^rcccmCTACAGG^^ 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTT T '^'^^^^^^T 

ATATGCTACTTTTAACA ' 



TGTTAAAAGTAGCATAT 

AUAUl lAIAATAllGIGGCIGCTCAUbGl lAI I I IGGICGATTAAT 
CTTCCAATATGCTACrrrCAACAATTCTCGTTCTTTACACTTCTTCT 

tggctgcttggcctgtagtagggatctg '^^^ ^ttcttct 

CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 

cgagaattgttgaaagtagcatattggaagattaatcgaccaaaat 

AACCGTGAGCAGCCACAATATTATAAGTC T '^'^^'^^^^^ 
ATATGCTACTTTCAACA ' 



Triazine Resistant 
D1 Protein 

lArabidopsisthaliana 
1 Ser264Thr 
I AGT-ACT 



TGTTGAAARTAGCATAT 



AMCTTACAACAnGTAGCTGCTCACGGTTATTTTGGCCGAn^ 

TTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTOTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG '^^AI TTCTTCTT 

CM^^^^L^CCGGCCM^^ 

CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAG TTT ^^'^^^^^^T 

ATATGCTACTTTCAACA " 



4698 



4699 



4702 



4703 



4704 



4706 



4707 



4708 



4709 



4710 



TGHGAAAGTAGCATAT 



4711 



4712 
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, Phcnotype, Gene, 
Plattt * Targetep 




SEQID 




" riazine Resistant i 
D1 Protein ^ 
Nicotiana tabacum 


iW\CTTATAACATCGTAGCCGCTCATGGTTATI IiGGCCGAI IGAI 

CTTCCAATATGCTACTTrCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4713 


5 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATrGGAAGATCAATCGGCCAAAA 

TAAnnATGAGCGGCTACGATGTTATAAGTTT 


4714 






ATATGCTACTTTCAACA 


4715 






TGTTGAAAGTAGCATAT 


4716 




1 nazine rvcoioidni 
D1 Protein 
Populus deltoides 


AAACTTATAATATCGTAGCCGCTCATGGIIAI 1 1 lUGCCGATTGAT 
CnCCAATATGCTACTTTTAACAACTCTCGCTCnTACATTTCTTCT 
TAGCTGCnGGCCTGTAGTAGGTATCTG 


4717 


10 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCGGCTACGATATTATAAGTTr 


4718 






ATATGCTACI 1 ITAACA 


4719 






TnTTAAAAGTAGCATAT 


4720 




Triazine Resistant 

1 1 1 Wi fail 1 i A^^WiWfc*^* 1^ 

D1 Protein 
Petunia x hybrida 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4721 


15 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4722 






ATATGCTACTTTCAACA 


4723 






TGTTGAAAGTAGCATAT 


4724 




Triazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Thr 

AGT-ACT 


AAACTTATAATATCGTAGCTGCTCATGGI lAII 1 IGGCCGATTGAI 

CTTCCAATATGCTAGTTTCAACAATTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4725 


20 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTH 


4726 






ATATGCTACTTTCAACA 


4727 






TGTTGAAAGTAGCATAT 


4728 




Triazine Resistant 
D1 Protein 
Medicago safiva 
Ser264Thr 
AGT-ACT 


AAACCTATAATATTGTAGCAGCTCATGGI lAII 1 IGGCCGAI lUAl 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4729 


25 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGTTGTTGAAA6TAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


4730 






ATATGCTACTTTCAACA 


4731 






TGTTGAAAGTAGCATAT 


4732 



wo 01/92512 



-68- 



PCT/USOl/17672 



Pbenot^e, Gene, 
Plant s Targeted 



.jmiBlilil 

AMCCTATAAIAI lUTAGCTGCTCATGGI lAI 1 1 IGGCCGAHGAT 

CTTCCAATATGCAACTTTCAACAATTCTCGTTCTTTACATTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 



CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 



ATATGCAACTTTCAACA 



TGTTGAAAGTTGCATAT 



4734 



4735 



4736 



Triazine Resistant 
D1 Protein 
Brassica napus 
Gly264Thr 
GGT-ACT 



AAACTTACAACATTGTAGCTGCTCACGGnAI 1 1 IGGCCGAI I GAT 
CTTCCAATATGCTACTTTCAACAAnCTCGnCTTTACATnCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 



CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 



ATATGCTACTTTCAACA 



TGHGAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Oryza sativa 
Ser264Thr 
AGT-ACT 



AAACTTATAATATTGTGGCCGCTCATGGTTATTTTGGCCGATTAAT 
CTTCCAATATGCTACTTTTAACAACTGTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 



CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGIAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 



ATATGCTACTTTTAACA 



TGHAAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Zea mays 
Ser264Thr 
AGT-ACT 



AGACTTATAATATTGTGGCTGCTCACGGnAI 1 1 IGGIGGATTAAT 
CTTCCAATATGCTACnTCAACAATTCTCGTTCTTTACACnCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATCTG 



CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 



AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TTTCCAATATGCTACTTTCAACAATTCTCGnCTTTACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 



CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 
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Phenotype, 6ene^ : 
Plant & Tar^geted 

Altpration 


Altering u«igo$ 


SEQID 

NO: . 




Triazine Resistant 
D1 Protein 
Picea abies 


AAACCTACAATATTGTGGCTGCTCACGGTIAI 1 1 CGGCCGATTGAT 
CTTCCAGTATGCTACTTTCAACAACTCCCGTTCTTTACATTTCTTCT 
TAGCTGCTTGGCCCGTAGCAGGTATCTG 


4753 


5 


Ser264Thr 

Wwl 1 1 1 ii 

AGT-ACT 


CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATATTGTAGGTTT 


4754 






GTATGCTACTTTCAACA 


4755 






TGTTGAAAGTAGCATAC 


4756 




1 nazine rvesioioni 
D1 Protein 
Vicia faba 


A AArPTATAATAl rnTAnCTRCTCACGGTTATTTTGGCCGA 1 1 GAI 
CTTCCAATATGCTACI 1 1 CAACAATTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4757 


10 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4758 






ATATGCTACTTTCAACA 


4759 






TGTTGAAAGTAGCATAT 


4760 




Triazine Resistant 
D1 Protein 
Hordeum vulgare 


AGACTTATAATATTGTGGCTGCTCATGGTTATTTTGGCCGATTAAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4761 


15 


Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTCT 


4762 






ATATGCTACTTTCAACA 


4763 






TGTTGAAAGTAGCATAT 


4764 




Triazine Resistant 
D1 Protein 
Triticum aestivum 


AAACTTATAATATTGTGGCTGCTCATGGl lAIII IGGCCGATTAAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4765 


20 


Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTTT 


4766 






ATATGCTACTTTCAACA 


4767 






TGTTGAAAGTAGCATAT 


4768 




Triazine Resistant 
D1 Protein 
Vigna unguiculata 


AAACTTATAATATTGTAGCTGCICAIGGI IAI II IGGCCGATTAATC 

TTCCAATATGCAACTTTCAACAATTCTCGTTCTTTACATTTCTTCCT 

AGCTGCTTGGCCTGTAGTAGGTATTTG 


4769 


25 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAAGTIT 


4770 






ATATGCAACTTTCAACA 


4771 






TGTTGAAAGTTGCATAT 


4772 
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Phenotype, Gene, 
Plarii^tt^geted 






Altering Oligos - - - , 


SEQID 


Triazine Resistant 
Lotus japonicus 


AAACCTATAATATTGTAGCTGCICACGGI lAI 1 1 IGGCCGATTGAT 
0 1 1 UoAA 1 A / bCAAC 1 1 1 CAACAACTCTCGTTCTTTACACTTCTTCT 
TAGCTGCTTGGCCTGTTGTAGGTATCTG 


4773 


Ser264Thr 


CAGATACCTACAACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATATTATAGGTTT 


4774 




ATATGCAACTTTCAACA 


4775 




TGTTGAAAGTTGCATAT 


4776 


Triazine Resistant 
D1 Protein 

Sinapis alba 


AAACTTACAACATTGTAGCTGCTCACGGTIAI 1 1 IGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4777 


Ser264Thr 

Ar^T APT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4778 




ATATGCTACTTTCAACA 


4779 




TGTTGAAAGTAGCATAT 


4780 


Triazine Resistant 
u 1 rroiein 
Pisum sativum 


AAACCTATAATATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
CTTCCAATATGCTAGTTTCAACAATTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4781 


Ser264Thr 

ACXT APT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGI 1 i" 


4782 




ATATGCTACTTTCAACA 


4783 




TGTTGAAAGTAGCATAT 


4784 


Triazine Resistant 
D1 Protein 
Spinacia oleracea 


AAACTTATAATATCGTA6CTGCICAIGGI lAI 1 ITGGTCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4785 


Ser264Thr 

Ar^T.APT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 


4786 




ATATGCTACTTTCAACA 


4787 




TGTTGAAAGTAGCATAT 


4788 


Triazine Resistant 

ni Prnfpin 

Nicotiana debneyi 


AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 
lOuMAlAIUL.! Aul 1 1 t/AAUAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4789 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4790 




ATATGCTASTTTCAACA 


4791 




TGHGAAAGTAGCATAT 


4792 
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Pheaotype, Gene, 
Plant & Targeted 
AlteratioaA.;v. 


- Aitertng Uiigo$ 


NO;,. 


Trip7inp Rp«ii*?tant 

liiaz.ific rxcoioiciiii 

D1 Protein 
Solanum nigmm 
Ser264Thr 
AGT-ACT 


" AAACTTATAATATCGTAGCCGCTCATGGT IAI 1 1 IGGUUGAI IGAI 
CTTCCAATATGCTACTrTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4793 


rAftATArrTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4794 


ATATf^nTACTTTCAACA 


4795 


TGTTGAAAGTAGCATAT 


4796 


Triazine Resistant 

D1 Protein 

Nicotiana 

plumbaginifolia 

Ser264Thr 

AGT-ACT 


AAACTTATAACATCGTAGCCGCTCATGGl lAl I 1 1 GGCCGATTC3AT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTuval lAOAUl lOi luo 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4797 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATAnGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGnATAAGTTT 


4798 


ATATGCTACTTTCAACA 


4799 


TGTTGAAAGTAGCATAT 


4800 
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Example 6 

Enoineerina male- or female-sterile plants 

Flower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 
for example. AGAMOUS {AG), APETALA1 [AP1). and APETALA3 (AP3) and PISTILLATA [PI) in 
Arabidopsis thaliana, and DEFICIENSA [DEFA), GLOBOSA {GLO). SQUAMOSA {SQUA), and PLENA 
{PLE) in Antirrhinum maps. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 
genes have also been isolated fi-om other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 


Knenotype^^seiiet 
Plant & Targeted 
i^f< deration 


. Altering Oligos - : 


$EQID 
MO: 


Male-sterile 
AP3 

Arabidopsis thaliana 

ArgSTemi 

AGA-TGA 


TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAG 
GAAGAATATGGCGIGAGGGAAGATCCAGATCAAGAGGATAGAGA 
CCAGACAAACAGACAAGTGACGTATTCAA 


A 4801 
A 


TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGAT 
TGGATCTTCCCTCACGCCATATTCTTCTGTCTnGTrTAATCrnn 
GTTGAAGAGATTTGGTGGAGAGGACAA 


: 4802 


ATATGGCGIGAGGGAAG 


4803 


CTTCCCTCACGCCATAT 


4804 


Male-sterile 
AP3 

Arabidopsis thaliana 

LysSTerm 

AAG-TAG 


TCTCCACCAAATCTCnCAACAAAAAGATTAAACAAAGAGAGAAG/s 
ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGi 
CAAACAGACAAGTGACGTATrCAAAGAGAA 


k 4805 


TTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCT( 
TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAl 
CI 1 1 1 1 GTTGAAGAGATTTGGTGGAGA 


: 4806 

r 




CGAGAGGGIAGATCCAG 


4807 
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STGGATCTACCCTCTCG 1 ^808 


Male-sterile 

AP3 

Arabidopsis thaliana 


CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 
CGAGAGGGAAGATCTAGATCAAGAGGATAGAGAACCAGACAAACA 


4809 


GInTTerm 
CAG-TAG 


CATTCCTTCTCTITGAATACGTCACTTGTCTGTTTGTCTGGnCTCT 
ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 
TTTAATC 1 1 1 1 1 GTTGAAGAGAl 1 IGG 


4810 




GGAAGATCIAGATCAAG 


4811 


CTTGATCTAGATCTTCC 


4812 


Male-sterile 
AP3 

Arabidopsis tlialiana 

Lys9Term 

AAG-TAG 


CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 
GGAAGATCCAGATCIAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTATTCAAAGAGAAGGAATGGTTTAT 


4813 


ATAAACCATrCCTTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 
TCI 1 IGI 1 lAAlUI 1 1 1 iGTTGAAGAG 


4814 


TPrARATCTAGAGGATA 


4815 


TATCCTCTAGATCTGGA 


4816 


Male-sterile 
AP3 

Brassica oleracea 

Lys23Term 

AAG-TAG 


T^GGGAAGATCCAGA 1 CAAGAGGATAGAGAACCAGACCAACCGA 
CAAGTGACGTATTCTTAGAGAAGAAATGGTTTGTTCAAGAAAGCTC 
ACGAGC TT ACAG 1 1 1 1 A 1 b 1 oA 1 vjV^ 1 AUovs 


4817 


CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 
ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 


4818 


CGTATTCTTAGAGAAGA 


4819 


TCTTCTCTAAGAATACG 


4820 


IVICIIv? Olwl lie 

AP3 

Brassica oleracea 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 
GTGACGTATTCTAAGIGAAGAAATGGTTTGTTCAAGAAAGCTCACG 
AGCTTACAGTTTTATGTGATGCTAGGGTTT 


4821 


AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCl I iCTTGAA 
CAAACCATTTCTTCACTTAGAATACGTCACTTGTCGGTTGGTCTGG 
TTCTCTATCCTCTTGATCTGGATCTTCCC 


4822 


ATTCTAAGTGAAGAAAT 


4823 


ATTTCTTCACTTAGAAT 


4824 


Male-sterile 
AP3 

Brassica oleracea 

Arg25Term 

AGA-TGA 


AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGATGAAATGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGl 1 1 lATGTGATGCTAGGGTTTCGA 


4825 


TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 
GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATCCTCTTGATCTGGATCTT 


4826 


CTAAGAGAIGAAATGGT 


4827 


ACCATTTCATCTCTTAG 


4828 
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Male-sterile 
AP3 

Leu28Term 
TTG-TAG 


TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTATTCTA 

AGAGAAGAAATGGTTAGTTCAAGAAAGCTCACGAGCTTACAGmT 

ATeiGATGCTAGGGTTTCGATTATCATGTT 


4829 


AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 
GAGCTTTCTTGAACIAACCATTTCTTCTCTTAGAATACGTCACTTGT 
CGGTTGGTCTGGTTCTCTATCCTCTTGA 


4830 




AAATGGTTAGTTCAAGA 


4831 




TCTTGAACIAACCATTT 




Maie-sterlle 
AP3 

or do Of napus 

Tyr21Term 
TAC-TAG 


uuu 1 UUAGGUAAUAI CCAGA 1 1 AAuAGGAI AGAGAACCAAACAAA 
CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 




AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 
ATTTCrrCTCTTGGACTAGGTGACCTGCCTGTTTGnTGGTTCTCTA 
1 1 u 1 1 AA 1 u 1 (jbA 1 OTTCCCTCGAGCC 


4834 




GTCACCTAGTCCAAGAG 


4835 




CTCTTGGACTAGGTGAC 


4836 


Male-sterile 
AP3 

Brassica napus 

Lys23Term 

AAG-TAG 


CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 
CAGGTCACCTACTCCIAGAGAAGAAATGGTTTGTTCAAGAAAGCAC 
ACGAGCTCTCTGTTCTCTGTGATGCTAAAG 


tool 


Cl 1 lAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 
ACCATTTCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTAATCTGGATCTTCCCTCG 


4838 




CCTACTCCIAGAGAAGA 


4839 




TCTTCTCTAGGAGTAGG 


*fO*fU 


Male-sterile 
AP3 

Disssica napus 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGIGAAGAAATGGTTTGTTCAAGAAA6CACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 


AMI 


AAACnTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 
CAAACCATTTCTTCACTTGGAGTAGGTGACCTGCCTGrrTGTTTGG 
1 1 L. 1 u 1 A 1 oOTOTTAATCTGGATCTTCCC 


4842 




ACTCCAAGIGAAGAAAT 


4843 




Ai 1 lUI ICACTTGGAGT 


4844 


Male-sterile 
AP3 

Brassica napus 


AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 
ACCTACTCCAAGAGATGAAATGGTTTGTTCAAGAAAGCACACGAGC 




Arg25Term 
AGA-TGA 


TGGAAACi 1 lAGCATCACAGAGAACAGAGAGCTCGTGTGCTnrCTT 
GAACAAACCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 


4846 


1 


CCAAGAGAIGAAATGGT 


4847 


1 


^CCATTTCATCTCrrGG 


4848 
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Male-sterile 
DEFA 

Antirrhinum majus 


GGAGAGAAAGGAAAGCl GGAAGAAGAAAACAAGAGCAG 1 AG 1 GG 1 
AGTGGTTCGATGGCTTCAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 


4849 


5 


ArgSTerm 
CGA-TGA 


TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCTCTTAAT 

CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 

TTTTCTTCTTCCAGCTTTCCTrTCTCTCC 


4850 






CGATGGCTIGAGGGAAG 


4851 






CTTCCCTCAAGCCATCG 


4852 




Vlale-sterile 
DEFA 

Antirrhinum majus 

Lys5Term 

AAG-TAG 


AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGIAGATCCAGATTAAGAGGATAGAGAACCAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 


4853 


10 


TTCTCrTGGAGTAGGTGACCTGCCTGTTTGl 1 lUU 1 TCTCTATCCT 
CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 
CTCTTGI 1 1 ICTTCTTCCAGCTTTCCTTT 


4854 






CTCGAGGGIAGATCCAG 


4855 






CTGGATCTACCCTCGAG 


4856 




Male-sterile 
DEFA 

Antirrhinum majus 

Gln7Term 

CAG-TAG 


AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 
GCTCGAGGGAAGATCIAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 


4857 


15 


CATrrCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGi 1 IGGTTCTC 
TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGTTTTCTTCTTCCAGCTT 


4858 






GGAAGATCIAGATTAAG 


4859 






CTTAATCTAGATCTTCC 


4860 




Male-sterile 
DEFA 

Antiniiinum majus 

Lys9Term 

AAG-TAG 


GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTCGA 
GGGAAGATCCAGATTTAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTGT 


4861 


20 


ACAAACCATTTCTTCTCTTGGAGTAGGTGACCTGCCTGl 1 IGl iiu 
GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 

CTACCACTACTGCTCTTGTTTTCTTCTTC 


4862 






TCCAGATITAGAGGATA 


4863 






TATCCTCTAAATCTGGA 


4864 




Male-sterile 
AP3 

Nicoiiana tabacum 


TCAGTAATrCT I AAGA 1 C 1 CAAAC 1 1 1 GAGCAAAAAUAAAAAAAAAU 

tatggctcgtgggiagatccagatcaagagaatagagaaccaaac 
aaacagacaagtcacttattctaagagaa 


4865 


25 


LysSTerm 
AAG-TAG 


TTCTCTTAGAATAAGTGACTTGTCTGTTTGl 1 IGGI I CTCTATTCTC 

ttgatctggatctacccacgagccatagi 1 1 1 n mci III igctc 

AAAGTITGAGATCTTAAGAATTACTGA 


4866 






ctcgtgggiagatccag 


4867 






CTGGATCTACCCACGAG 


4868 
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Male-sterile 
AP3 

Nicotiana tabacum 

Gln7Term 

CAG-TAG 


ATTCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGC 

TCGTGGGAAGATCIAGATCAAGAGAATAGAGAACCAAACAAACAGA 
CAAGTCACTTATTCTAAGAGAAGAAATG 




5 


CATTTCTTCTCTTAGAATAAGTGACnGTCTGTTTGTTTGGTTCTCT 

ATTCTCTrGATCTAGATCTTCCCACGAGCCATAGTrTTTTTTTCTTT 
1TGCTCAAAGTTTGAGATCTTAAGAAT 


4870 










GGAAGATCTAGATCAAG 


4871 






CTTGATCTAGATCTTCC 


AQ70 
40/ Z 




Male-sterile 
AP3 

lyiCOudnd iBDBCUnfl 

Lys9Term 
AAG-TAG 


AAGATCTCAAAC l 1 1 GAGCAAAAAGAAAAAAAAACTATGGCTCGTG 

GGAAGATCCAGATCIAGAGAATAGAGAACCAAACAAACAGACAAGT 
CACTTATTCTAAGAGAAGAAATGGACTTT 




10 


AAAGTCCAi 1 1 U 1 1 UTCTTAGAATAAGTGACTTGTCTGTTTGTTTGG 
TTCTCTAnCTCTAGATCTGGATCTTCCCACGAGCCATAGTTTrnr 
1 1 u 1 1 1 1 1 GCTCAAAGTTTGAGATCTT 


4874 






TCCAGATCIAGAGAATA 


4875 






TATTCTCTAGATCTGGA 






Male-sterile 
AP3 

Nicotiana tabacum 

ArglOTerm 

AGA-TGA 


ATCTCAAACi 1 IGAGCAAAAAGAAAAAAAAACTATGGCTPGTGrirJA 

AGATCCAGATCAAGIGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGACTnrCA 


AQ77 


15 


TGAAAAGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGnTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGnT 
1 1 1 1 1 1 U 1 1 nrGCTCAAAGTrTGAGAT 


4878 






AGATCAAGIGAATAGAG 


4879 






CTCTATTCACTTGATCT 


ylooA 

4ooO 




Male-sterile 
AP3 

Medicago sativa 

Tyr21Term 

TAC-TAG 


uuu 1 CGAGCjAAAGATCCAGATCAAGAGAATAGAGAACTrt 'AAr fAAA 

CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCTTTTCAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT 




20 


AGCATCACAAAGAACAGTGAGCTCAnGGCCTTCTTGAAAAGACCA 
TCCCTTCGI 1 1 IGACTAAGTTACTTGTCTGTTCGTTGTGnCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 


4882 






GTAACTTAGTCAAAACG 


4883 






CGTnTGA£TAAGTTAC 


4884 




Vlale-sterile T 
APS 

^sdicaao saHxra 


CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAArGAAPA 

GACAAGTAACTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 
uw\ 1 vaAou 1 uAO loll C 1 1 1 GTGATGCTAA 


*H)oO 


25 


Ser22Term 
rCA-TGA 

i 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCTTCGTTTTCAGTAAGTTACTTGTCTGTrCGTTGTGTTCTCT 
'VTTGTCTTGATCTGGATCTTTCCTCGAG 


4886 






'\ACTTACTgAAAACGAA 


4887 






rrCGTnTCAGTAAGTT 


4888 
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Male-sterile 
AP3 

Medicago sativa 


CGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGA 
CAAGTAACTTACTCATAACGAAGGGATGGTC 11 II oAAUAAbbUUA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 


4889 


Lys23Term 
AAA-TAA 


CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCeTTeib 1 1 U I 
CTATTCTCTTGATCTGGATCTTTCCTCG 


4890 




CTTACTCAIAACGAAGG 


4891 




CCTTCGTTATGAGTAAG 


4892 


Male-sterile 
AP3 

Medicago sabVa 

Arg24Term 

CGA-TGA 


GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 
GTAACTTACTCAAAATGAAGGGATGGTC 1 1 1 1 UAAbAAbbOUAA i <j 
AGCTCACTGTTCnTGTGATGCTAAGGTIT 


4893 


AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 
AAGACCATCCCTTCAI 1 1 1 GAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCTGGATCTTTCC 


4894 


ACTCAAAAIGAAGGGAT 


4895 


ATCCCTTCATrrTGAGT 


4896 


Male-sterile 
DEF4 

Solanum tuberosum 

Tyr21Term 

TAT-TAG 


GGCTCG 1 GG rAAGATCCAGATCAAGAAAA 1 AGAAAAUUAAAUAaa i 
AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 
GCTAATGAACTTACAGTTCTTTGTGATGCT 


4897 


AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 
TrrCTTCTCTTTGAGTAAGTCACTTGCCTATTTGTTTGGi 1 1 iCTATT 
TTCTTGATCTGGATCTTACCACGAGCC 


4898 


GTGACTTAGTCAAAGAG 


4899 


CTCTTTGACTAAGTCAC 


4900 


Male-sterile 
DEF4 

Solanum tuberosum 

Ser22Term 

TCA-TGA 


CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 
GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCTTTGTGATGCTAA 


4901 


TTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCC 

CATTTCTTCTCTTTCAATAAGTCACTTGCCTATTTGTITGGTTTTCTA 

TTTTCTTGATCTGGATCTTACCACGAG 


4902 


GACTTATTGAAAGAGAA 


4903 


TTCTCTTTCAATAAGTC 


4904 


Male-sterile 
DEF4 

Solanum tuberosum 

Lys23Term 

AAG-TAG 


CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 

A Aoxo Ar^TTATTr^ ATAr^AOA Ar^AAATri^r^PTATTPAAfnAAftRflTAA 
AAGToAL 1 1 A 1 1 UA lAoAbAAoAAA I ooov 1 M 1 r L»Mr\onnv3V3u i nt\ 

TGAACTTACAGTTCTTTGTGATGCTAAAG 


4905 


CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGC 
CCATTTCTTCTCTATGAATAAGTCACTTGCCTATTTGTTTGGI 1 1 10 
TATTTTCTTGATCTGGATCTTACCACG 


4906 


CTTATTCAIAGAGAAGA 


4907 


TCTTCTCTATGAATAAG 


4908 



wo 01/92512 



-78- 



PCT/USOl/17672 



5 



10 



15 



20 



25 



Male-Sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATARAAAACnAAAnAAATAnnrAAr: 

TGACTTATTCAAAGIGAAGAAATGGGCTATTCAAGAAGGCTAATGA 
ACTOCAGTTCTTTGTGATGCTAAAGTTT 




AAACi 1 IAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCAmCTTCACTTTGAATAAGTCACTTGCCTATTTGTTTGGTT 
TTCTATTTTCTTGATCTGGATCTTACC 


4910 


ATTCAAAGIGAAGAAAT 


4911 


atttcttcactttgaat 


4912 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Gly27Term 
GGA-TGA 


GC 1 AAT GAAC 1 1 ACTG 11 CI ITGTGATGrTAAAC j 1 TU ^AA 1 1 tXI TAT 

GATTTCTAGTACTTGAAAACTTCATGAGTTTATAAGTCCCTCTATCA 
CGACCAAACAATTGnCGATCTGTACC 


AM 0 


GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGAAGI 1 1 ICAAGTACTAGAAATCATAACAATTGAAACTTTAG 
CATCACAAAGAACAGTAAGTTCATTAGC 


4914 


CTAGTACTIGAAAACTT 


4915 


AAGTTTTCAAGTACTAG 


IQ 


Male-sterile 
APS 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TAA 


TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 
CCAAACAATTGTTCGATCTGTACCAGA 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGTTCATT 


4918 


GTACTGGAIAACTTCAT 


4919 


ATGAAGTTATCCAGTAr 


4920 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGI ICII rGTCATGCTAAARTTTPAATTr^TTATriATTTrTArTAr 

TGGAAAACTTCATIAGTTTATAAGTCCCTCTATCACGACCAAACAAT 
TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 
GGGACTTATAAACTAATGAAGI 1 1 1 CCAGTACTAGAAATCATAACAA 
TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACTTCATTAGTrTATA 


492S 


TATAAACTAATGAAGTT 




Male-Sterile 
APS 

Lycopersicon 


Al iGl lATGAI 1 1 CTARTAP.TnRAAAAPTTPATrSArSTTTATAAr'TnP 

CTCTATCACGACCIAACAATTGTTCGATCTGTACCAGAAGACTATT 
GGAGTTGATATTTGGACTACTCACTATG 


4925 


esculentum 
Lys40Term 
AAA-TAA 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGAACAAnGnAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGI 1 1 ICCAGTACTAGAAATCATAACAAT 


4926 




TCACGACCIAACAATTG 


4927 




CAATTGTTAGGTCGTGA 


4928 
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Male-sterile 
AP3 

Triiicum aestivum 


GGGGCGGGGGAAGATl GAGAFAAAGCGGA 1 CGAGAACGUUAUUA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 


4929 


5 


Tyr21Term 
TAC-TAG 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCGCTTTATCTCAATCTTCCCCCGCCCC 


4930 






GTGACCTAGTCCAAGCG 


4931 






CGCTTGGACTAGGTCAC 


4932 




VldlC OLCI lie 

AP3 

Thticum aestivum 


cgggggaagattgagataaagcggatcgagaacgccaccaacag 
gcaggtgacctactcctagcgccggtcggggatcatgaagaagg 

CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


10 


vs23Term 
AAG-TAG 


CCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATG 
ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 
GTTCTCGATCCGCTTTATCTCAATCTTCCCCCG 


4934 






cctactcciagcgccgg 


4935 






CCGGCGCTAGGAGTAGG 


4936 




^ale-sterile 
AP3 

Thticum aestivum 


ttgagataaagcggatcgagaacgccaccaacaggcaggtgacct 
actccaagcgccggtaggggatcatgaagaaggcgcgggagctc 
accgtgctctgcgacgcccaggtcgccatcat 


4937 


15 


Ser26Term 
TOG-TAG 


ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCTTCATGATCCCCIACCGGCGCTrGGAGTAGGTCACCTGCCT 

GTTGGTGGCGTTCTCGATCCGCTTTATCTCAA 


4938 






GCGCCGGTAGGGGATCA 


4939 






TGATCCCCIACCGGCGC 


4940 




Male-sterile 
AP3 

Triticum aestivum 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGTAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4941 


20 


LysSOTerm 
AAG-TAG 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 

AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 

GGTCACCTGCCTGTTGGTGGCGTTCTCGATCCG 


4942 






GGATCATGIAGAAGGCG 


4943 






CGCCTTCTACATGATCC 


4944 




Male-sterile 
Silkyi 
Zea mays 
Tyr21Term 
TAC-TAG 


GGGGCGCGGCAAGA 1 CGAGATCAAGCGGATCGAGAACGCCACCA 
ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAAG 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 


4945 


25 


GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 






GTGACCTAGTCCAAGCG 


4947 






CGCTTGGACTAGGTCAC 


4948 



(1 
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25 



Male-Sterile 
Silkyi 
Zea mays 
Lys23Term 
AAG-TAG 


UbObbCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CCAGGTGACCTACTCflTARrftPrRnArr^r^r^r^ATPATnAAr^AAPr 

CACGCGAGCTCACCGTGCTCTGCGACGCCCAGG 


4949 


CCTGGGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATG 
ATCCCCGTCCGGCGCTAGGAGTAGGTCACCTGGCGGTTGGTGGr 
GTTCTCGATCCGCTTGATCTCGATCTTGCCGCG 


4950 


CCTACTCCTAGCGCCGG 


4951 


UU(i(iU(iUTAGGAGTAGG 


4952 


Male-sterile 
Silkyi 
Zea mays 
Lys30Term 
AAG-TAG 


OeGATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCG 
CCGGACGGGGATCATGTAGAAGGCACGCGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4953 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 
GTCACCTGGCGGTTGGTGGCGTTCTCGATCCG 


4954 


GGATCATGIAGAAGGCA 


4955 


Tr^PPTTPT A P AT^ ATr^r^ 
1 oOLr 1 1 U 1 AUA 1 oA 1 UU 


4956 


Male-sterile 
Silkyi 
Zea mays 
Lys31Term 
AAG-TAG 


A 1 CbAUAAUUUUAUCAACCGCCAGGTGACCTACTCCAAGCGCCG 
GACGGGGATCATGAAGTAGGCACGCGAGCTCACCGTGCTCTGCG 
ACGCCCAGGTCGCCATCATCATGTTCTCCTCCA 


4957 


TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 
GTGAGCTCGCGTGCCTACTTCATGATCCCCGTnCGGrftrTTr;r5A 

GTAGGTCACCTGGCGGTTGGTGGCGTTCTCGAT 


4958 


TCATGAAGIAGGCACGC 


4959 


UUG 1 GCCTACTTCATGA 


4960 


Male-sterile 
APS 

Oryza sativa 

Lys5Term 

AAG-TAG 


1 AUU 1 U(JA1 TGTCCUUUeAGAGAUAI AGCTGC I GCAGGGGGC 
GGCCATGGGGAGGGGCTAGATCGAGATCAAGCGGATCGAGAACG 

cgaccaacaggcaggtgacctactcgaagcgcc 


4961 


ggcgcttcgagtaggtcacctgcctgttggtcgcgttctcgatcc 

gcttgatctcgatctagcccctccccatggccgccccctgcagc 

agctatctctctcgccggacaatgcagctagc 


4962 


GGAGGGGCTAGATCGAG 


4963 




4964 


ivioic-oicnie 
AP3 

Oryza sativa 

GluTTerm 

GAG-TAG 


TGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCAT 
GGGGAGGGGCAAGATCTAGATCAAGCGGATCGAGAACGCGACCA 
ACAGGCAGGTGACCTACTCGAAGCGCCGCACGG 


4965 


ccgtgcggcgcttcgagtaggtcacctgcctgnggtcgcgttct 
cgatccgcttgatctagatcttgcccctccccatggccgccccct 

GCAGCAGCTATCTCTCTCGCCGGACAATGCA 


4966 




GCAAGATCTAGATCAAG 


4967 




CTTGATCTAGATCTTGC 


4968 
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Male-Sterile < 
AP3 < 
Oryza sativa ^ 


3TCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGA 
3GGGCAAGATCGAGATCIAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


LysQTerm 

AAG-TAG ^ 


rGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 




TCGAGATCIAGCGGATC 


4971 




GATCCGCTAGATCTCGA 


4972 


Mplp-^fpritp 
AP3 

Oryza sativa 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 

TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

ACTCGAAGCGCCGCACGGGGATCATGAAGAAGG 


4973 


Glu12Term 
GAG-TAG 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCC 

TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 




AGCGGATCIAGAACGCG 


4975 




CGCGTTCTAGATCCGCT 


4976 


Table 15 

Oligonucleotides to produce male-sterile plants 


Pbenotype, Gene, 




SEOID 
NOt 


Plant & Targeted 


; y . , Altering Oligo!^ , , ^ 


Alteration , , 






IVIale-sterile 
AG 

Arabidopsis thaliana 

TyrSSTerm 

TAC-TAG 


TCTGTACTAATCAAATTTTGCCCTAAACGTTTTTGGCl 1 luGAGCA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CTTGAGGAAATCTGGGAGAGGAAAGATCGAA 


4977 


TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGTTTAGGGCAAAATnGATTAGTACAGA 


.4978 




ACGGCGTAGCAATCGGA 


4979 




TCCGATTGCTACGCCGT 


4980 


Male-sterile 
AG 

Arabidopsis thaliana 

Gln36Term 

CAA-TAA 


CTGTACTAATCAAAI 1 1 1 GCCCTAAACGI 1 1 1 IGGCI 1 IGGAGCAb 
CAATCACGGCGTACIAATCGGAGCTAGGAGGAGATTCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 


4981 


TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 


4982 




CGGCGTACIAATCGGAG 


4983 




CTCCGATTAGTACGCCG 


4984 
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PCT/USOl/17672 



Phenot^e, Gene, 






Plant & Targeted 


AHering Oligos 


SEQiD 

NO' ■' 


Maie-sieni6 
AG 

Arabidopsis thaliana 


ACTAATCAAAt i 1 1 UUUU 1 AAAUUTTTTTGGCTTTGGAGCAGCAAT 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 


4985 


SerSTTenn 
TCG-TAG 


TTGAi 1 luGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CAAAAACG7TTAGGGCAAAATTTGATTAGT 


4986 




GTACCAATAGGAGCTAG 


4987 




0 1 AbO 1 LOTATTGGTAC 


4988 


iviaie-sieriie 
AG 

Arabidopsis thaliana 


TAATCAAAl I 1 1 UUUU 1 AAAUb 1 1 1 1 IGGCI 1 1 GGAGCAGCAATCA 
CGGCGTACCAATCGTAGnTARRArif^AnATTPrTrTrrrTTnAnoA 

AATCTGGGAGAGGAAAGATCGAAATCAAAC 


4989 


Glu38Temi 
GAG-TAG 


Gl 1 lUAi 1 iCGATCnTCCTCTCCCAGATITCCTCAAGGGAGAGGA 
ATCTCCTnnTAr^rTArr^ATTr^r^TAPr::PPPTPATTPPTnrTr^r^ A A a 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 


4990 




ACCAATCGIAGCTAGGA 


4991 





TCCTAGCTACGATTGGT 


4992 


Male-sterile 
AG 

Brassica napus 


CTCTCCCACi lU j 1 1 lUUGI.GGI 1 lATTCAl 1 1 GG 1 GACGATATCA 
nAfiAArnHA AT(^ri ATTA A f^r^Tr^ A /^T A PTr* A ATr^n a ^ a a r^-r a 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


4993 


Glu3Term 
GAA-TAA 


TCTCTATCTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 

ACTACTHPrAPPTTA ATPPATTr^PTTPTnTPATATr*r*Tr^Aor> A a ax 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 




CAATGGATIAAGGTGGG 


4995 




UL/UAOOTTAATCCATTG 


4996 


iviaie-stenie 
Brassica napus 


lAi lUAl 1 IGGTGACGATATCACAGAAGCAATGGATGAAG6TGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 


4997 


GlullTerm 
GAG-TAG 


TTGTTGTGnCTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 

TTCTTRflTAPTPTATriPATPr^Tf^APTAPTPPPAPPTmATnr^ATT/^ 

CTTCTGTGATATCGTCACCAAATGAATA 


4998 




ACGATGCATAGAGTAGC 


4999 




UU 1 AU 1 U 1 ATGCATCGT 


5000 


Maie-sienie 
AG 

Brassica napus 


GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA 
CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAARATARAf^AT 

AAAGAGGATAGAGAACACAACAAATCGTCAAG 


5001 


Lys14Term 
AAG-TAG 


CTTGACGAl 1 1 U II G TGTTCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 


5002 




AGAGTAGCIAGAAGATA 


5003 




TATCTTCTAGCTACTCT 


5004 
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Phenofyp^ Gene, ; 
Plant & Targeted 
Aiteraiipiij/v • 


Altering Oligoe 


SEQID 




IVlCliC OLwillw ^ 

AG C 
Brassica napus f 


3ACGATATCACAGAAGCAATGGATGAAGGTGGGAGTA6TCACGAT 
3CAGAGAGTAGCAAGIAGATAGGTAGAGGGAAGATAGAGATAAAG 
^GGATAGAGAACACAACAAATCGTCAAGTAA 


5005 


5 


Lys 1 D 1 crm i 
AAG-TAG ( 

( 


TArTTRArnATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTC 

xtctacctatctacttgctactctctgcatcgtgactactcccac 
:ttcatccattgcttctgtgatatcgtc 


5006 








5007 






\cctatctacttgctac 


5008 




Male-Sterile ( 
AG > 
Lycopersicon i 


:AACCAAAAAACTTAAAAAT C n C I C I I I CC I I I CC I I AUAAGG I bA 
\GTAATGGACTTCIAAAGTGATCTAACCAGAGAGATCTCACCACAA 
\GGAAACTAGGAAGGGGGAAAATTGAGA 


5009 


10 


esculentum 

Glu4Term < 
CAA-TAA ; 


rCTCAATTTTCCCCCnCCTAGTnCCTTTGTGGTGAGATCTCTCT 
SGTTAGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
(W\GAGAAGAI 1 1 1 lAAGH 1 1 1 IGGTTG 


5010 






FGGACnCIAAAGTGAT 


5011 






ft>TCACTTTAGAAGTCCA 


5012 




Male-Sterile i 
AG 

Lycopersicon 


^AAATCTTCTCI 1 ICC 1 1 1 CCTTACAAGGTGAAGTAATGGACTTCC 
AAAGTGATCTAACCIGAGAGATCTCACCACAAAGGAAACTAGGAA 
GGGGGAAAATTGAGATCAAAAGGATCGAAA 


5013 


15 


esculentum 

Arg9Term 

AGA-TGA 


TTTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTAGI IICCi i lui 
GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGTAAGGAAAGGAAAGAGAAGAI 1 1 1 


5014 






ATCTAACCIGAGAGATC 


5015 






GATCTCTCAGGnAGAT 


5016 


20 


Male-sterile 
AG 

Lycopersicon 


ATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 
GTGATCTAACCAGAIAGATCTCACCACAAAGGAAACTAGGAAGG6 
GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


esculentum 
GlulOTerm 
GAG-TAG 


TGmTCGATCCnTTGATCTCAATTTTCCCCCTTCCTAGi I iCCTT 
TGTGGTGAGATGTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 
CACCTTGTAAGGAAAGGAAAGAGAAGAT 


5018 






TAACCAGAIAGATCTCA 


5019 






TGAGATCTATCTGGTTA 


5020 


25 


Male-sterile 
AG 

Lycopersicon 


CrnCCI 1 ICCTTACAAGGTGAAGTAATGGACTTCCAAA61C3A1CI 

AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 

TGAGATCAAAAGGATCGAAAACACGACGAA 


5021 




esculentum 
Ser12Term 
TCA-TGA 


TTCGTCGTGTnTCGATCCTTTTGATCTCAATTTTCCCCCTTCCTA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 

CATTACTTCACCTTGTAAGGAAAGGAAAG 


5022 






AGAGATCTGACCACAAA 


5023 



wo 01/92512 



-84- 



PCT/USOl/17672 





piafit fidgeted 
- Alteration 








Aftering Oligo$ . ^ 


SEQib 

M NO: .. 










TTTGTGGTCAGATCTCT 


5024 




Male-sterile 
NAG1 

Nicotiana tabacum 


GTACTCTCTAI 1 1 1 CATCI 1 CCAACCC 1 1 ICI 1 1 CCTTACCAGGTGA 
AAGTATGGACTTCIAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


. 5025 


5 


Gln4Term 
CAA-TAA 


TCTCAATCl 1 lUUTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCT 

TGTTAGATCACTTTAGAAGTCGATACTTTCACCTGGTAAGGAAAGA 

AAGGGTTGGAAGATGAAAATAGAGAGTAC 


5026 






TGGACTTCIAAAGTGAT 


5027 






ATCACTTTAGAAGTCCA 


5028 




Male-sterile 
NAG1 

Nicotiana tabacum 


ATCTTCCAACUCI 1 ICI II UCTTACCAGGI GAAAGTATGGACTTCC 
AAAGTGATCTAACAIGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGATTGAGATCAAACGGATCGAAA 


5029 


10 


Arg9Term 
AGA-TGA 


1 1 lUUArCCGmGATCTCAATCTTTCCTCTTCCCAGTTTCCTTTGT 
GGAGAGATCTCTCATGTTAGATCACTTTGGAAGTCCATACTTTCAC 
CTGGTAAGGAAAGAAAGGGnGGAAGAT 


5030 






ATCTAACAIGAGAGATC 


5031 






GATCTCTCATGTTAGAT 


5032 




Male-sterile 
NAG1 

Nicotiana tabacum 


TTCCAACCCnrCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 


5033 


15 


GlulOTerm 
GAG-TAG 


tgi 1 1 lugatccgtttgatctcaatctttcctcttcccagtttcctt 
tgtggagagatctatcttg™gatcactttggaagtccatacttt 
cacctggtaaggaaagaaagggttggaa 


5034 






TAACAAGATAGATCTCT 


5035 






agagatctatcttgtta 


5036 




Male-sterile 
NAG1 

Nicotiana tabacum 


Ul 1 lUUI iauuaggtgaaagtatggacttccaaagtgatctaacaa 
gagagatctctccaiaaaggaaactgggaagaggaaagattgaga 
tcaaacggatcgaaaacacaacgaatcgtc 


5037 


20 


Gln14Term 
CAA-TAA 


gacgattcgttgtgttttcgatccgtttgatctcaatctttcctct 
tcccagtttcctttatggagagatctctcttgttagatcactttgg 
aagtccatactttcacctggtaaggaaag 


5038 






tctctccaiaaaggaaa 


5039 






tttcctttatggagaga 


5040 




Male-sterile 

Ao 

Rosa hybrida 


gcctatgaaaacaaacccaacacggtcctggacgctgatgcccaa 
agaagattgggaaggtgaaagatcgagatcaagcggatcgaaaac 
accaccaatcgtcaagtcaccttctgcaaaa 


5041 


25 


Gly22Term 
GGA-TGA 


1 1 1 iuuaGAAGGTGACTTGACGATTGGTGGTGTTTTCGATCCGCT 

TGATCTCGATCTTTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 

CAGGACCGTGTTGGGTTTGTTTTCATAGGC 


5042 






tgggaaggigaaagatc 


5043 






GATCTTTCACCTTCCCA 


5044 
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' Phetiotype, Gene, 




SEQID' 




Plant 5. Targeted 




Noi : 




\/lale-stenie i 
AG / 
Rosa hybrids C 


ATriAAAArAAArrrAArACGGTCCTGGACGCTGATGCCCAAAGA 

^GATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 

^ACCAATCGTCAAGTCACCTTCTGCAAAAGGC 


5045 


5 


Lyo^Olciill V 

AAG-TAG ( 

( 


^CCTTTTGCAGAAGGTGACTTGACGATTGGTGGTGl 1 I lUGATCC 

3CTTGATCTCGATCTATCCCCTTCCCAATCTTCTTTGGGCATCAGC 

3TCCAGGACCGTGTTGGGTTTGTTTTCATA 


5046 






^AAGGGGATAGATCGAG 


5047 






^TnnATnTATncccTTC 


5048 




Malp-cfprilp i 

AG < 
Rosa hybrida < 


^ACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTG 
3GAAGGGGAAAGATCTAGATCAAGCGGATCGAAAACACCACCAAT 
3GTCAAGTCACCTTCTGCAAAAGGCGCAATG 


5049 


10 


GAG-TAG < 


■^ATTGCGCCTTTTGCAGAAGGTGACTTGACGATTGGTGGTGl 1 1 1 

CGATCCGCTTGATCTAGATCTTTCCCCTTCCCAATCTTCTTTGGGC 

ATCAGCGTCCAGGACCGTGTTGGGTTTGTT 


5050 






RAAAGATHTAGATCAAG 


5051 






rTTRATCTARATCTTTC 


5052 




Mplp-^tpril6 

IVIC2IC OLwl llw 

AG 

Rosa hybrida 


CCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTGG(3AAU 

GGGAAAGATCGAGATCTAGCGGATCGAAAACACCACCAATCGTCA 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 


5053 


15 


Lys27 
AAG-TAG 


GCAAACCATTGCGCCTTTTGCAGAAGGTGACTTGACGATTGGTGG 
TGTTTTCGATCCGCTAGATCTCGATCTTTCCCCnCCCAATCTTCT 
TTGGGCATCAGCGTCCAGGACCGTGTTGGG 


5054 






TCGAGATCTAGCGGATC 


5055 






GATCCGCTAGATCTCGA 


5056 




Mfllp-^terile 
far 

Antirrhinum majus 

GlnTTemi 

CAA-TAA 


CAATTGCCTGTI 1 1 lAl 1 1 1 1 1 1 1 CI 1 1 1 1 UAUTAAGTAGAAA lUUU 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAAAGATCGAGATCAAACGGA 


5057 


20 


TCCGTTTGATCTCGATCTTTCCTCTCCCGATTTTCCTCTCGGGCGA 
TACCTCGGTCGATTAATCGCTTAGAGACGCCATTTCTACTTAGTCA 
AAAAGAAAAAAAATAAAAACAGGCAATTG 


5058 






TAAGCGATTAATCGACC 


5059 






RGTCGATTAATCGCTTA 


5060 




Male-sterile 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 


GTTTTTATTTTnTTCI 1 1 1 IGACTAAGTAGAAATGGCGTCTCIAAU 
CGATCAATCGACGIAGGTATCGCCCGAGAGGAAAATCGGGAGAG 
GAAAGATCGAGATCAAACGGATCGAAAACA 


5061 


25 


TGTTTTCGATCCGTrTGATCTCGATCTTTCCTCTGCCGAl muul 

CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 

TACTTAGTCAAAAAGAAAAAAAATAAAAAC 


5062 






AATCGACCIAGGTATCG 


5063 






CGATACCTAGGTCGATT 


5064 



wo 01/92512 
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PCT/USOl/17672 



5 



10 



15 



20 



25 



Ptieooi^pe, Gene, 
PIdtti* Targeted 
^ ' ' jAfteration 






SEQ m 








: NO;', 


Male-sterile 
far 

Antirrhinum majus 

GluHTerm 

GAG-TAG 


TTTui 1 1 1 IGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
CCGAGGTATCGCCCIAGAGGAAAATCGGGAGAGGAAAGATCGAG 
ATCAAACGGATCGAAAACAAAACAAATCAAC 


5065 


GTTGAi 1 iGTTTTGTnTCGATCCGnTGATCTCGATCTTTCCTCTC 
CCGATTTTCCTCTAGGGCGATACCTCGGTCGATTGATCGCTTAGA 
GACGCCATTTCTACTTAGTCAAAAAGAAA 


5066 




5067 


TTTCCTCTAGGGCGATA 


5068 


Male-sterile 
far 

Antirrhinum majus 

Lys16Term 

AAA-TAA 


1 nUAUIAAGTAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 
GTATCGCCCGAGAGGIAAATCGGGAGAGGAAAGATCGAGATCAA 
ACGGATCGAAAACAAAACAAATCAACAGGTTA 


5069 


TAACCTGTTGAI 1 1 G r TTTGTTTTCGATCCGTTTGATCTCGATCTTT 
CCTCTCCCGATTTACCTCTCGGGCGATACCTCGGTCGATTGATCG 
CTTAGAGACGCCATTTCTACTTAGTCAAA 


5070 




5071 


CCCGATTTACCTCTCGG 


5072 


Male-sterile 
AG 

Cucumis sativus 

Leu21Term 

TTG-TAG 


rGTCCAAGCAl 1 ATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
AGGAAAGGGTAAGTAGCAAATAAAGGGGATGTTCCAGAATCAAGA 
AGAGAAGATGTCAGACTCGCCTCAGAGGAA 


5073 


TTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 

TCCCCTTTATTTGCIACTTACCCTTTCCTTCTTCCTTAATCATTCTT 

GTGAGTGGTGACTGATAATGCTTGGACA 


5074 


GGGTAAGTAGCAAATAA 


5075 


TTATTTGCIACTTACCC 


5076 


Male-sterile 
AG 

Cucumis sativus 

Gln22Term 

CAA-TAA 


TCCAAGCATTA 1 CAGTCACCACTCACAAGAAl GATTAAGGAAGAAG 

GAAAGGGTAAGTTGIAAATAAAGGGGATGTTCCAGAATCAAGAAG 

AGAAGATGTCAGACTCGCCTCAGAGGAAGA 


5077 


TCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 
CATCCCCTTTATTTACAACTTACCCTTTCCTTCTTCCTTAATCATTC 
TTGTGAGTGGTGACTGATAATGCTTGGA 


5078 


GTAAGTTGTAAATAAAG 


5079 


CTTTATTTACAACTTAC 


5080 


Male-sterile 
AG 

Cucumis sativus 

Lys24Term 

AAG-TAG 


CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
GGTAAGHGCAAATAIAGGGGATGnCCAGAATCAAGAAGAGAAG 
ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 


5081 


TTCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
CTGGAACATCCCCTATATTTGCAACTTACCCTTTCCTTCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 


5082 


TGCAAATAIAGGGGATG 


5083 


CATCCCCTATATTTGCA 


5084 



BNSDOCrO: <WO_0192512A?_L> 



wo 01/92512 



-87- 



PCT/USOl/17672 





Pbenotype, Gene, , 
PJant & Targeted 


Aiterwg uiigo9 


SEQID 
NO: 




Vlale-sterile 
AG 

Cucumis sativus 


CCACTCACAAGAATGATTAAGGAAGAAGGAAAGGGTAAGTTGCAA 
ATAAAGGGGATGTTCIAGAATCAAGAAGAGAAGATGTCAGACTCG 
CCTCAGAGGAAGATGGGAAGAGGAAAGATTG 


5085 


5 


Gln28Term 
CAG-TAG 


CAATCTTTCCTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 
CTCTTCTTGATTCTAGAACATCCCCTTTATTTGCAACTTACCCTTTC 
CTTCTTCCTTAATCATTCTTGTGAGTGG 


5086 






GGATGTTCTAGAATCAA 


5087 






TTGATTCTAGAACATCC 


5088 




Male-sterile 
AG 

Zea mays 

CyslOTerm 

TGC-TGA 


CCACCACCACCACCACCACCACCACCACACCATGCTCAACA 1 UAI 

GACTGATCTGAGCTGAGGGCCGTCGTCCAAGGTCAAGGAGCAGG 

TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 


5089 


10 


CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

ACCTTGGACGACGGCCCICAGCTCAGATCAGTCATCATGTTGAGC 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 






CTGAGCTGAGGGCCGTC 


5091 






GACGGCCCTCAGCTCAG 


5092 




ividie'Sieriie 
AG 

Zea mays 

Ser13Term 

TCG-TAG 


"ArrArrArOArrACCACCACACCATGCTCAACATGATGACTGATC 
TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 


5093 


15 


TGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 

GCTCCTTGACCTTGGACTACGGCCCGCAGCTCAGATCAGTCATCA 

TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 






CGGGCCGTAGTCCAAGG 


5095 






CCrrGGACTACGGCCCG 


5096 




Male-sterile 
AG 

Zea mays • 

LyslSTerm 

AAG-TAG 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
TGCGGGCCGTCGTCCIAGGTCAAGGAGCAGGTGGCGGCGGCGC 
CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 


5097 


20 


TCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGC 
CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAG 
TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 


5098 






CGTCGTCCTAGGTCAAG 


5099 






CTTGACCTAGGACGACG 


5100 




Male-sterile 
AG 

Zea mays 

LyslTTerm 

AAG-TAG 


CACCACCACACCATGCTCAACATGATGACTGATCTeACiUTGUCititi 
CCGTCGTCCAAGGTCIAGGAGCAGGTGGCGGCGGCGCCGACGG 
GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


5101 


25 


TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCnGGACGACGGCCCGCAGCTCA 

GATCAGTCATCATGTTGAGCATGGTGTGGTGGTG 


5102 






CCAAGGTCTAGGAGCAG 


5103 






CTGCTCCTAGACCTTGG 


5104 



wo 01/92512 PCT/USOl/17672 
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15 



20 



25 



Pfienotyp^ Gene, 
PJanl& Targeted 
Aliferation 








h SEtllDr 






MO* 


Male-sterile 
AG 

Zea mays 
Arg4Term 
CGA-TGA 


TCCTACCTTTTCTCCTTCAGACCTCAAAATCIGTGTGATAGGAACA"" 
AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 
CAGGCATCATGTCGACCCTGACTTCGGCGG 


5105 


CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 
GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 
GAI 1 1 IGAGGTCTGAAGGAGAAAAGGTAGGA • 


5106 


TGCACATCIGAGAAGAG 


5107 


CTCTTCTCAGATGTGCA 


5108 


Male-steriie 

AG 

Zea mays 
Glu5Term 
GAA-TAA 


lAUUl 1 1 lUICCTTCAGACCTCAAAATCTGrGTGATAGGAACAAGA 
GCATGCACATCCGATAAGAGGAGGCTACACCATCCACAGTAACAG 
GCATCATGTCGACCCTGACTTCGGCGGGGC 


5109 


GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTrACTGTGGAT 
GGTGTAGCCTCCTCTTATCGGATGTGCATGCTC7TGTTCCTATCA 
CACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTA 


5110 


AUAI UUtiAIAAGAGGAG 


5111 


CTCCTCTTATCGGATGT 


5112 


Male-sterile 
AG 

Zea mays 
GluSTerm 
GAG-TAG 


Cm ie;iCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCA 
TGCACATCCGAGAATAGGAGGCTACACCATCCACAGTAACAGGCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC 


5113 


GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTG 
GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTrCCTA 
TCACACAGATTTTGAGGTCTGAAGGAGAAAAG 


5114 


1 OUoAoAAXAuCaAGGCT 


5115 


AGCCTCCTATTCTCGGA 


5116 


Male-sterile 
AG 

Zea mays 
GluTTerm 
GAG-TAG 


TTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCATGC 
ACATCCGAGAAGAGIAGGCTACACCATCCACAGTAACAGGCATCA 
TGTCGACCCTGACTTCGGCGGGGCAGCAGA 


5117 


TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCTACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCACACAGAI 1 1 1 GAGGTCTGAAGGAGAA 


5118 


GAGAAGAGTARftrTAPA 


5119 


TGTAGCCTACTCTTCTC 


5120 


viaie-sterile 
AG 

Oryza sath/a 

Lys5Term 

AAG-TAG 


GCTGGGTCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGC 

GAGAAGATGGGGAGGGGGIAGATCGAGATAAAGCGGATCGAGAA 

CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 


5121 


GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGnCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 


5122 


GGAGGGGGIAGATCGAG 


5123 


CTCGATCTACCCCCTCC 


5124 



BNSDOCID: <WO ^0102512A2LI_> 
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Pheno^pe, Gene, 
Plant & Targeted 
Afteratfon 



Male-sterile 
AG 

Oryza sativa 

GluTTerm 

GAG-TAG 



Altertng Oligo$ 



SEQtD 
NOT 



TCAGGATCG1 CGGCGGCGG 1 GGCGUUGbbGAGCAGCGACiAAGA 
TGGGGAGGGGGAAGATCIAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 



CATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTC 
TCGATCCGCTnATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 

CTCCCCGCCGCCACCGCCGCCGACGATCCTGA 

GGAAGATCIAGATAAAG 



CTTTATCTAGATCTTCC 



5126 



5126 



5127 



5128 



Male-sterile 
AG 

Oryza sativa 

Lys9Term 

AAG-TAG 



Male-sterile 
AG 

Oryza sativa 

Glu12Term 

GAG-TAG 



TCGTCGGCGGCGGTGGC6GCGGGGAGCAGCGAGAAGATGGGG 
AGGGGGAAGATCGAGATAIAGCGGATCGAGAACACGACGAACCG 
nnAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 



GGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTC 
GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
CGCTGCTCCCCGCCGCCACCGCCGCCGACGA 



ATCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 
CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 



CCTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 
CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
nCCATCTTCTCGCTGCTCCCCGCCGCCACCGC 



AGCGGATCIAGAACACG 



CGTGTTCTAGATCCGCT 



5129 



5130 




5134 



5135 



5136 



Table 16 

Oligonucleotides to produce male-sterile plants 



Phenotype,Gene, 
Plant & Targeted 
Alteration^ . 



Altering Oligos 



S£OU> 



Male-stenie 
PI 

Cucumis saSvus 

Tyr21Term 

TAT-TAG 



GGGAAGAGGGAAAAIAGAAAIAAAAAGAAIAGAGAAUiUAAUUAAi 
AGACAAGTTACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAAG 
nnAAAGAAATTACTGTTCTTTGCGATGCT 



AGCATCGCAAAGAACAGTAATTTCTTTGGCl Nil iGATGATACCAT 
TTCTTCTCTTTGACTATGTAACTTGTCTATTGCTTGAGTTCTCTATTG 

TTTTTATTTCTATTTTCCCTCTTCCC 



5138 



wo 01/92512 



PCT/USOl/17672 

t 



5 



10 



15 



20 



Phenotypa^iSejie, 




SEQID 


Plant &Targ$te^f 
Alteration - 


' ' ^' {/ '/Altering OHgos, , ^..^ /; , :/ 


I NOt 

m ^ 




GTTACATAfiTCAAAGAG 


5139 




CTCTTTGACTATGTAAr 


Ol4U 


Mr)|p-(^tpriip 

PI 

Cucumis sativus 


/^A Af^ Af^OO A A A AT AO A A ATA A A A AO A ATAO AO A A OTO A A AT A/^ 

ACAAGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAf?nn 
AAAGAAATTACTGirCTTTGCGATGCTCA 


5141 


Ser22Term 
TCA-TGA 


TGAGCATCGCAAAGAACAGTAAmCTTTGGCTTTTTTGATGATACC 
ATTTCTTCTCI 1 ICAATATGTAACTTGTCTATTGCTTGAGTTCTCTAT 
TCI 1 1 IIAI IICIAIII ICCCTCTTC 


5142 




TACATATTGAAAGAGAA 


5143 




1 1 L» 1 L> 1 1 1 U AA 1 A 1 o 1 A 


5144 


^^ a 1 p. ctp ri lo 

PI 

Cucumis sativus 


Ai^A/^i^^ AAAATA/^AAATAAAAAOA AT A ^ A ^ A A /-»T/^ A A/^/%A ATAi^A/^ 

AVjAVjVjUAAAA I AbAAA 1 AAAAAOjAATAGAGAACTCAAGCAATAGAC 
AAGTTACATATTCAIAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 
GAAATTACTGTTCnTGCGATGCTCAAG 


5145 


Lys23Term 
AAG-TAG 


CTTGAGCATCGCAAAGAACAGTAATTTCTTTGGCI INI I GATGATA 

CCATTTCTrCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 
TATTCI 1 1 1 lAI 1 ICIAI 1 1 ICCCTCT 


5146 




CATATTCAIAGAGAAGA 


5147 




TCTTCTnTATRAATATf? 


5148 


iviciic old lie 

PI 

Cucumis sativus 


f^f^^A A A AT A/i A AATAAAAA/~*AATA^A/^aa /^TO A A/^/^A ATAz-kA^A A^ 

oooAAAA 1 A<jAAA I AAAAACjAA I AbAGAAuTCAAGCAATAGACAAG 
mCATATTCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
AmCTGTTCTTTGCGATGCTCAAGTTT 


5149 


Arg24Term 
AGA-TGA 


AAACTTGAGCATCGCAAAGAACAGTAATTTCTTrGGCTTTTTTGATG 

ATACCATTTCTTCACTTTGAATATGTAACTTGTCTATTGCTTGAGTT 

CTCTATTCTTTTTATTTCTATnTCCC 


5150 




ATTCAAAGIGAAGAAAT 


5151 




A 1 1 1 L. 1 1 L. AO 1 1 1 bAAT 


5152 


M?}|p-Qtprilp 
iviciJc dici lie 

PI 

Malus domestica 


CjULjAOLj I lj<jVjAAbV3 1 1 (jAvjA I OAAGAGGA 1 1 CiACiAAUTCAAGTAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 


5153 


Tyr21Term 
TAC-TAG 


AGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 
TCCTCTTGATCTCAACCTTCCCACGTCCC 


5154 




GTGACCTAGTCCAAGAG 


5155 




CTCTTGGACTAGGTCAC 


6156 



BNSDCXJID: <WO_0192512A?_L> 
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PCT/USOl/17672 



Phenotype,Oen€i 
Plant &Targetetl'^ 

AtterafigtL 
Male-sterile 
PI 

Malus domestica 
Lys23Term. 
MG-TAG 



Alt0ri«gOIIgQ$ 



SEUl 
\ NO: 



CGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTCAAGTMCAGG 
CAGGTGACCTACTCCIAGAGGAGGAATGGGATOTCAAGAAGGCA 
AAGGAGATCACTGTTCTATGTGATGCTAAAG 



CTnAGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATC 
CCATTCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 

PAATnnTnTTGATCTCAACCTTCGCACG , 



CCTACTCCIAGAGGAGG 



CCTCCTCTAGGAGTAGG 



5157 



5158 



5159 



5160 



Male-sterile 
PI 

Malus domesVca 

LysSOTerm 

AAG-TAG 



AGGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
AGGAATGGGATOTCIAGAAGGCAAAGGAGATCACTGTTCTATGTG 

ATGCTAAAGTATCTCTTATCATTTATTCTA 



TAGAATAAATGATAAGAGATAGTTTAGCATCACATAGAACAGTGATC 
TCCTTTGCCTTCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 
nnTRnnTGTTACTTGAGTTCTCAATCCT 



GGATTATCIAGAAGGCA 



Male-Sterile 
PI 

Malus domestica 

LysSITerm 

AAG-TAG 



TG CCTTCTAGATAATCC 

ATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGATTATCAAGIAGGCAAAGGAGATCACTGTTCTATGTGATG 

nTAAAGTATCTCTTATCATTTATTCTAGCT 



AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCCnTGCCTACTTGATAATCCCATTCCTCCTCTrGGAGTAG 
nTCACCTGCCTGTTACTTGAGTTCTCAAT . 



TTATCAAGTAGGCAAAG 



CTTTGCCTACTTGATAA 



\/lale-stenie 
globosa 

Antirrhinum majus 

Gly2Term 

GGA-TGA 



Male-Sterile 
globosa 

Antin-hinum majus 

ArgSTerm 

AGA-TGA 



CA-1 1 1 1 lACAAIAGI |AICIGUAAACAAAAACAAgAC3AU/ww\omm 
AAACAAAAAAATGIGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 

AACTCAAGCAACAGGCAGGTTACTTACT 



AGTAAGTAACCTGCCTGTTGCTTGAGTT CTCAA TTC^ 
ATTmCCTCTTCACATTTTmGTTmGTTTTTCTCTCnG" 

TTTfinAGATAACTATTGTAAAAATG , 



FGATCTCA 
TTTTG 



AAAAAATGIGAAGAGGA 



TCCTGTTCACATTTnT 



5161 



5162 



5163 
5164 



5165 



5166 



5167 



5168 



"3W 



5170 



5171 



5172 



rnTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAATGGGAIGAGGAAAAATTGAGATCAAAAGAATTGAGAAC 
TCAAGCAACAGGCAGGTTACTTACTCAA 



TTGAGTAAGTAACGTGCCTGTrGCITGAGTT CTGAAT TGTTTTGATC 
TCAATTmCCTCATCCCATTTTmGTTrnGTTmCTCTCTTGTT 

TTTGTTTGCAGATAACTATTGTAAAA 



5173 



5174 



wo 01/92512 
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-92- 





fhenotype^Gcne, 
Plant &Targetfitl ; 


,Alteri«QOKgo$ . V; - 


SEQID 






AAATGGGAIGAGGAAAA 


5175 






TTTTCCTCATCCCATTT 


0 i /O 




Male-sterile 
globosa 

Antirrhinum maps 


TACAATAGTTATCTGCAAACAAAMCAAGAGAGAAAAACAAAAArAA 

AAAAATGGGAAGATGAAAAATTGAGATCAAAAGAA7TGAGAACTCA 
AGCAACAGGCAGGTTACTTACTCAAAGA 


Dili 


5 


Gly4Term 
GGA-TGA 

( 


TCI 1 IGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTTTTG 

MCTCAA UA 1 U II CUCA1TTTTTTGTTT7TGTTTTTCTCTCTT 

31 1 1 1 IGTTTGCAGATAACTATTGTA 


5178 






rGGGAAGAIGAAAAATT 


5179 




i 


'\ATTTTTCATCTTCCCA 


5180 




Male-sterile ; 
globosa > 
Antintiinum maps t 


^ATAGTTATCTGCAAACAAAAACAAGAGAGAAAAArAAAAAPAAAAA 

WGGGAAGAGGATAAATTGAGATCAAAAGAATrGAGAACTCAAGC 

^ACAGGCAGGTTACTTACTCAAAGAGAA 


0 10 1 


10 


LysSTerm 
AAA-TAA 

( 


rrCTCl \ lUAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 
ITGATCTCAATTTATCCTCTTCCCAI 1 1 1 1 1 IGI II 1 1 GilTTTCTCT 
:TTG 1 11 1 1 GTTTGCAGATAACTATT 


5182 




( 


3AAGAGGAIAAATTGAG 


5183 




( 


UTCAATTTATCCTCTTC 

1 V^#H« III ^\ f 1 1 1 


l^i Q>l 




Male-sterile ( 
PI > 
Zea mays > 


i(J 1 GAGC 1 CTTGCTGCCCTTG(^ArCTGTTTflflftAflTflflAftAArr^r 

\GTATGGGGCGCGGCIAGATCAAGATCAAGAGGATCGAGAACTCT 
\CCAACCGGCAGGTGACCTTCTCCAAGCGCC 


0 100 


15 


LysSTerm ( 
AAG-TAG 1 

( 


3gcgcttggagaaggtcacctgccggttggtagagttctcgatcc 

rcttgatcttgatctagccgcgccccatactgcgttctccactcc 

:aaacagatccaagggcagcaagagctcagc 


5186 




( 


3GCGCGGCTAGATCAAG 


5187 




( 


:ttgatctagccgcgcc 


5188 




Male-sterile C 
PI C 
Zea mays C 


^TC 1 1 CjCTGCCCTTGGATCTGTTTGGGAGTGGARAAPfirAfiTATR 

3GGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 
JGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


0 109 


20 


LysTTerm c 
ftAG-TAG 1 

C 


^GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTrGGTAGAGnC 

■CGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

iACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 




C 


5CAAGATCIAGATCAAG 


5191 




C 


^TTGATCTAGATCTTGC 


5192 



BNSDOCID: <WO_0192512A?_L> 
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93 



10 



15 



20 



25 



Phenotype,<3ene, 
Plants Targeted 
Alteratloflj' i/. 



I Male-sterile 
PI 

Zea mays 
Lys9Term 
AAG-TAG 



p^ale-sterile 
PI 

\zeamays 
Glu12Term 
GAG-TAG 



Male-stenie 
PI 

Zea mays 
Lys5Term 
AAG-TAG 



I Male-sterile 
PI 

Zea mays 
GluTTerm 
GAG-TAG 



Male-sterile 
PI 

Zea mays 
LysQTerm 
AAG-TAG 



Alteriii'gOJigo$ 



CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 
r.RRnAGGTGACCTTCTCCAAGCGCCGGGCCG 



CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
TCGATCCTCnGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 
r^APTnCCAAACAGATCCAAGGGCAGCAAGAG 



GCAAGATCIAGATCAAG 



CTTGATCTAGATCTTGC 

GATCTGTTTGGGAGTGGAGAAGGCAGTATGGGGCGCGGCAAGAT 
CAAGATCAAGAGGATCIAGAACTCTACCAACCGGCAGGTGACCTT 
r.Tr.CAAGCGCCGGGCCGGACTGGTCAAGAAGG 



CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTTGATCTTGCCGCGC 
nnnATACTGCGTTCTCCACTCCCAAACAGATC 



AGAGGATCIAGAACTCT 



AGAGTTCTAGATCCTCT 



5194 



5196 
lllf 



5198 



5199 



5200 



AGTATGGGGCGyGGCIAGATCGAGATCAAGAGGATCGAGAACTCT 
AnnAACCGGCAGGTGACCTTCTCCAAGCGCC 



GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 
TC1TGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 
nTAACAGATTCAAGGGCAGCAAGAGCTCAGC 



GGCGCGGCIAGATCGAG 



CTCGATCTAGCCGCGCC 

CTCnGCTGCCCTTGAATCTGTTAGGGAG I GGAGAACGGAGTATG 
GGGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 

nnnCAGGTGACCTTCTCCAAGCGCCGGGCCG 



CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 
nACTCCCTAACAGATTCAAGGGCAGCAAGAG 



GCAAGATCIAGATCAAG 



CTTGATCTAGATCTTGC 



5204 

HoT 



5206 



CTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 
CGGCAAGATCGAGATCIAGAGGATCGAGAACTCTACCAACCGGCA 

fiGTGACCTTCTCCAAGCGCCGGGCCGGACTGG 



CCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 
GAGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
nGTTCTCCACTCCCTAACAGATTCAAGGGCAG 



5210 
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15 



20 



Pljeflotype,<3€ne, 


.5 , ' , ;Alter5iigOJigo$ - 11- * i 


SEQ1D 










TCGAGATCTAGAGGATC 


5211 




GATCCTCTAGATCTCGA 


5212 


Male-sterile 
PI 

Zea mays 


AATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCIAGAACTCTACCAACCGGCAGGTGACCn 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 




Glu12Term 
GAG-TAG 


CCTTCnGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTTCTCCACTCCCTAACAGATT 


5214 




AGAGGATCIAGAACTCT 


5215 




AGAGTTCTAGATCCTCT 




Male-sterile 
PI 

Oryza sativa 


TTGCTGCIAAGCTAGCTGGAGGAAGGAGGAGGAGGAGfiAfifiARfi 

CGGGATGGGGCGCGGGIAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


\J£. 1 / 


LysSTerm 
AAG-TAG 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 

TCTTGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCTOGCAGCAA 


5218 




GGCGCGGGIAGATCGAG 


5219 




CTCGATCTACCCGCGCC 


5220 


Male-sterile 
PI 

Oryza sativa 


CTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGA 
TGGGGCGCGGGAAGATCIAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 




GluTTerm 
GAG-TAG 


CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 
TCGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCTTCCTCCAGCTAGCTOG 


5222 




GGAAGATCIAGATCAAG 


5223 




CTTGATCTAGATCTTCC 




Male-sterile 
PI 

Oryza sativa 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGRRC 

GCGGGAAGATCGAGATCIAGAGGATCGAGAACTCCACCAACCGC 

CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 




LysQTerm 
AAG-TAG 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 




TCGAGATCIAGAGGATC 


bin 




GATCCTCTAGATCTCGA 


5228 
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5 



Pheriotype,<3ene, 
Pl^ijt OL Targeteq 
Alteration . . 




sea ID 






Male-sterile 
PI 

Oryza sativa 


QAAGGAGGAGGJKQGAGGAQGAGGCGGGMGGGGCGCGGGMKGk 

TCGAGATCAAGAGGATCIAGAACTCCACCAACCGCCAC5eTbAOL.I 

TCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 


5229 


Glu12Term 
GAG-TAG 


CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCTTC 


5230 




AGAGGATCIAGAACTCC 


5231 




GGAGTTCTAGATCCTCT 


5232 
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Example 7 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
5 worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It Is known, for example, that increasing 
1 0 levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underiying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyn-ollne-t-carboxylate synthetase, which 
1 5 results In accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contaminati'on by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underiying tolerance is the production of dicarboxylic acids such 
as oxalate and cift-ate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer sto-ess tolerance in plants. 
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Table 17 

Genome-Altering Oliqos Conferring Stress Tolerance 



Phenotype, Gene, 
.. Plants Targeted 
Alteration 




SEQID 


Altering OliQog 






Salt Tolerance 
P5CS 

Arabidopsis thaliana 


CGTCTTTTTGTGTGGTAGTTGGATGTGACGGTTGCTCAAATGCTT 
GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACn 
AGTGAAACTGTCAAAGCGATGCTGAGGATGA 


5233 


Phe128Ala 
TTT-GCT 


TCATCCTCAGCATCGCTTTGACAGTTTCACTAAGTTGCTTCCTGA/ 
ATCCTTATCTCTAGCACTGCTATCGGTCACMGCATTTGAGCAAC( 
GTCACATCUAAC rAt/OAOAOAAAAAoAUo 


^ 5234 




ATAGCAGTGfiTAGAGAT 


5235 




ATCTCTAGCACTGCTAT 


5236 


Salt Tolerance 
P5CS1 

Brassica napus 


GAGACTATGI 1 IGACCAGCTGGATGTGACGGCTGCTCAGCTGCT 
GTGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACT 
AATGAGACAGTGAAGTCCATGCTTGATTTGA 


G 5237 
T 


Phe128Ala 
TTC-GCC 


TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGA/ 
CTCCTTGTCTCTGGCACTACTGTCATTCACCAGCAGCTGAGCAGC 

^^T^ A/^AT^OA/^r'TZ-^r^T/^A A ATA/^Tr'TO 

CGTUAUA 1 ULrAoU 1 oo 1 L.AAAUA 1 Ava 1 U 1 0 


k 5238 

./ 




ACAGTAGTGCCAGAGAC 


5239 




GTCTCTGGCACTACTGT 


5240 


Salt Tolerance 
P5CS2 

Brassica napus 


GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCT( 
GTGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACn 
AGTGAGACAGTCAAAGCTATGCTGAAAATGA 


3 5241 

r 


Phe129Aia 
TTC-GCC 


TCAI 1 1 ICAGCATAGCTTTGACTGTCTCACTAAGTTGCTTCCTGA/ 
ATCCTTATCTCTGACACTGCTATCAGTCACCAGCAl I IGAGCCAC 
GTCACATCCATCTGGTCAAACATAGTCTC 


^ 5242 

r\ 
L> 




ATAGCAGTGTCAGAGAT 


5243 




ATCTCTGACACTGCTAT 


5244 


Salt Tolerance 
P5CS 

Oryza sativa 


GATATGTTGTTTAACCAACTGGATGTCTCGTCATCTCAACTTCTTC 
TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCAACTC 
CTGAAACTGTTGAGTCATTAnAGATCTTA 


7 5245 

;a 


Phe128Ala 
TTT-GCT 


TAAGATCTAATAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGA 
CTTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATG; 
CGAGACATCCAGTTGGTTAAACAACATATC 


A 5246 




ACAGTGATGCTGAGAAC 


5247 




GTTCTCAGCATCACTGT 


5248 
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Phenotype, GenSj 
' Plant &T^geted 


' \. ^ Altering 011^0$ \ , - \ 


SEQID 


Alteration 




• — ~? ■« ^ ^ - ' = . . ' J 




Salt Tolerance 
P5CS 

Medicago sativa 


GATATTTTGTTTAGTCAGCTGGATGTGACATCTGCTCAGCTTCTTG 
TTACTGACAATGATGCTAGAGACCAAGAI 1 1 1 AGAAAGCAACTTTC 
TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 


Phe128Ala 
TTT-GCT 


TTAGTGCTAGAAGTGATCTCACAGTTTCAGAAAGTTGCnTGTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


5250 




ACAATGATGCTAGAGAC 


5251 




GTCTCTAGCATCAnGT 


5252 


Salt Tolerance 
P5CS 

Actinidia deliciosa 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 

GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTTA 

CTGAAACTGTAGAATCACTATTGAATTTGA 


5253 


Phe128Ala 
TTT-GCT 


TCAAATTCAATAGTGATTGTACAGTTTCAGTAAGTTGCTTCCTGAAT 

TCTGGATCCCTAGCATCATTATCAGTAACGAGTAGCTGAGCTGAT 

GTCACATCGAGCTGACTAAACAATGTATC 


5254 




ATAATGATGCTAGGGAT 


5255 




ATCCCTAGCATCAnAT 


5256 


Salt Tolerance 
P5CS 

Cichorium intybus 


GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCTT 

GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACTTA 

CTGAAACAGTCGATTCTTTATTATCTTATA 


5257 


Phe122Ala 
TTC-GCC 


TATAAGATAATAAAGAATCGACTGl 1 ICAGIAAGilGI 1 1 ICIAAAI 
TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGAT 
GTCACATCCAGTTGACTGAAGAGTGTGTC 


5258 




ATAATGACGCCAGAAGT 


5259 




ACTTCTGGCGTCATTAT 


5260 


Salt Tolerance' 
P5CS 

Lycopersicon 


GAIiUI 1 IGTTCAGTCAGTTGGATGTGACATCAGCTCAGCTTCTGG 
TGACTGATAATGACGCTAGAGATCCAGATTTTAGGAGACAACTCAA 
TGACACAGTAAATTCGTTGCTTTCTCTAA 


5261 


esculentum 
Phe128Ala 
TTT-GCT 


TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 
ATCTCGATCTCTAGCGTOATTATnAGTrArrAfiAAftPTRAr^rTfiA 

TGTCACATCCAACTGACTGAACAAAGAATC 


5262 




ATAATGACGCTAGAGAT 


5263 




ATCTCTAGCGTCATTAT 


5264 


Salt Tolerance 
P5CS 

Vigna unguiculata 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCTTG 
TGAATGATGGAnTGCTAGGGATGCTGGCTTCAGAAAACAACTTTC 
GGACACAGTGAACGCGTTATTAGATTTAA 


5265 


Phe162Ala 
TTT-GCT 


TTAAATCTAATAACGCGTTCACTGTGTCCGAAAGTTGTTnCTGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 




ATGGATTTGCTAGGGAT 


5267 
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Phenotype, Gene, i 
Plants Targeted 


\ ' " . Afterthg 01igo$ '~ ' ^ 


NO; 






V'' . • ■ x".^* !*..>.•.<.. r * 








ATCCCTAGCAAATCCAT 


5268 




Salt Tolerance 
P5CS 

Mesembryanthemum 


GACACCI IGI 1 lAGlUAGI rGGATCTGACTGCTGCTCAGCTGCTT 
GTGACGGACAACGACGCTAGAGATCCAAGTTTTAGAACACAACTA 
ACTGAAACAGTGTATCAGTTGTTGGATCTAA 


5269 


5 


crystallinum 

Phe125Ala 

TTT-GCT 


TTAGATCCAACAACTGATACACTGTTTCAGTTAGTTGTGTTCTAAAA 
CTTGGATCTCTAGCGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCAACTGACTAAACAAGGTGTC 


5270 






ACAACGACGCTAGAGAT 


5271 




• 


ATCTCTAGCGTCGTTGT 


5272 




P5CS 

Vitis vinifera 


GACACATTATriAGCCAGCTGGATGTGACATCAGCTCAGCTTCTT 

GTGACTGATAATGATGCTAGGGATGAAGCTTTCCGAAATCAACTTA 

CTCAAACAGTGGATTCATTGTTAGCTTTGA 


5273 


in 


1 f Ic I \)\Jr\\a 

TTT-GCT 


TrAAAGrTAACAATGAATCCACTGTTTGAGTAAGTTGATlTCGGAA 

AGCTTCATCCCTAGCATCATTATCAGTCACAAGAAGCTGAGCTGAT 

GTCACATCCAGCTGGCTAAATAATGTGTC 


5274 








5275 






ATrrPTAnrATCATTAT 


5276 




P5CS 

Vigna aconitifolia 


GATACGCTGTTCACTCAGCTCGATGTGACATCGGCTCAGCTTCTT 
GTGACGGATAACGATGCTCGAGATAAGGATTTCAGGAAGCAGCTT 
ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 


5277 




Phpl 9QAIa 
TTT-GCT 


TCAGCGCCAACAGCGACTTCACAGTGTCAGTAAGCTGCTTCCTGA 
AATCCTTATCTCGAGCATCGTTATCCGTCACAAGAAGCTGAGCCG 
ATGTCACATCGAGCTGAGTGAACAGCGTATC 


5278 






ATAACGATGCTCGAGAT 


5279 






ATCTCGAGCATCGTTAT 


5280 




Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGAGATGTTCTTAGTTCCAAAGAAATCTCACCI C 1 CAC 1 II C 1 CCG 

TCTTCACAACAGTTGTCACGTTTGCAAACTGCGGATTTGTCCCCAC 

GAATGAGAACATGATCATCTTTCGCAAAA 


5281 




Ser207Val 
TCC-GTC 


TTTTGCGAAAGATGATCATGTTGTCATTCGTGGGGACAAATCCGCA 
GTTTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCnrGGAACTAAGAACATCTCT 


5282 






CAACAGTTGICACGTTT 


5283 






AAACGTGACAACTGTTG 


5284 




Salt Tolerance 
HKT1 

Arabidopsis thaliana 

GIn237Leu 

CM-CTA 


CGAATGAGAACATGATCATCI 1 1 CGCAAAAACTCTGGTCTCATGTG 
GCTCCTAATCCCTCIAGTACTGATGGGAAACACTTTGTTCCCTTGC 
TTCTTGGI 1 1 IGCTCATATGGGGACnTA 


5285 


25 


TAAAGTCCCCATATGAGCAAAACCAAGAAGCAAGGGAACAAAGTG 
rrTCCCATCAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
TTTTTGCGAAAGATGATCATGTTCTCATTCG 


5286 
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Phenot^e, Gene, 
Rartt& Targeted 


' " Altering on<io$ 1 






AATCCCTCIAGTACTGA 


5287 




TCAGTACTAGAGGGATT 


5288 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 
ACCTCTCTACACTTTCCCCAGCTATCTTGGT 


5289 


Asn332Ser 
AAT-AGT 


ACCAAGATAGCTGGGGAAAGTGTAGAGAGGTCTACTATAGTTTCT 
nCTCGTACGAACTCATTCCTTCTAGAGACT 


5290 




AGTGGTGAGTTCGCGAC 


5291 

W fc. v/ 1 




GTCGCGAACTCACCACT 


5292 


Salt Tolpranpfi 
HKT1 

Eucalyptus 


ARAfnATf^Tf^PTAAAr5AAnAAAnr^TPTPAAAATr:iri;Tr::Ar'PTTTTPP " 
/AOr\o/A 1 o I Ov/ 1 rVAr\Or\r\0/A/Ar\00 1 w I V«»MMr\r\ 1 OO 1 oAOLr MM UU 

GTCTTCACCACCGTGGTGACCTTTGCCAGTTGTGGGTTTGTCCCG 
ACCAATGAAAACATGATTATCTTCAGCAAAA 




camaldulensis 

Ser256Val 

TCG-GTG 


TTTTGCTGAAGATAATCATGTTTTCATTGGTCGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 


5294 


1 1 1 IGAGACCTTTCTTCnTAGCACATCTCT 




» 


CCACCGTGGIGACCTTT 


5295 




AAAfifiTPAPPAr'rSfSTfif^ 




OClll iUldCillwC? 

HKT1 

Eucalyptus 


PPAATf5AAAAPATf3ATTATPI i (^Lnf^h&hAhCTr-Tf^f^nf^Tnmnm ' 

GATTCTCATCCCTCIGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 


COQ7 


camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCAAGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAGI 1 1 1 IGCTGAAGATAATCATGTnrCATTGG 


5298 




CATCCCTCIGGCCCTTC 


5299 






ooUU 


Salt Tnlprannp 

HKT1 

Eucalyptus 


AATPft 1 1 (■■5AAT^5f5APTAAr2PTPPTr2Tr^Af^AA AATr'f^Tr^r^nrT'f^r^r' 

TGTTTCAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 
GATCTGTCCACAGTTGCTCCCGCCATCTTGGT 


OOUT 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
1 1 1 ICTCACAGGAGCTTAGTCCATTCAACGATT 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 



wo 01/92512 



-101- 



PCT/USOl/17672 



Pbenoly^e, Gene, 
?Pl$nl& Targeted, 

MilcrallOil :■ :v< • 






.... ^ . .Aiteritig oiigo$ \ . i 


SEQID 




f^alt Tnlprance 
HKT1 

Oryza sativa 

Ser238Val 

TCC-GTC 


AAkGCJCCMyiGfiJKGAAGAAAGGGAlCAACATTGCAClCTTCJCAJ 

TCTCGGTCACGGTCGICTCGTTTGCGAATGTGGGGCTCGTGCCG 

ACAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


TrTTRf?ARAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 
CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTCAGTGGAGCTTT 


5306 




TrACGGTCGTCTCGTTT 


5307 




AAACGAGACGACCGTGA 


5308 


ociiL 1 v/ici ail WW 

HKT1 

Oryza sativa 

Gln268Leu 

CAG-CTG 


CAAATGAGAACATGGCAATCTTCTCCAAGAACCCGGGCCTCCTCC 
TCCTGTTCATCGGCCIGATTCTTGCAGGCAATACACTTTACCCTCT 
CTTCCTAAGGCTATTGATATGGTTCCTGGG 


5309 


rrr AGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 
TTGCCTGCAAGAATCAGGCCGATGAACAGGAGGAGGAGGCCCGG 
GTTCTTGGAGAAGATTGCCATGTTCTCATTTG 


5310 




\^r\ 1 wOw w w_l_OrA 1 1 w 1 I 


5311 






5312 


HKT1 

Oryza sativa 

MoilODOOCi 

AAC-AGC 


CAGTCm GATGGACTCAGCTCTTACCAGAAGATTATCAATGCAI 1 

GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 

ACTGCTCACTCATCGCCCCTGCTGTTCTAGT 


5313 


APTARAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAGTTCTC 
CCCCGAGTGCCTTGCGCTCACTGCCATGAACAATGCATTGATAAT 
CTTCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 




RftPARTGAGCGCAAGGC 


5315 




r^rrTTRCRCTCACTGCC 

vJVi/W 1 1 VJ wwW 1 wr^w 1 X^WW 


5316 


^plt Tnlprancp 

OCtIL iUidCillww 

HKT1 

Thticum aestivum 


GTGCCCCACTGAACAAGAAAGGGATCAACATCGTGCTCTTCTCAC 
TATCAGTCACCGTTGICTCCTGTGCGAATGCAGGACTCGTGCCCA 
CAAATGAGAACATGGTCATCTTCTCAAAGAA 


5317 


r\ldi(l*rv Veil 

GCC-GTC 


TTCTTTGAGAAGATGACCATGTTCTCATTTGTGGGCACGAGTCCT 
GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 




rAOrGTTGTCTCCTGTG 

wriw w w 1 1 w 1 w 1 WW 1 w I w 


5319 




CACAGGAGACAACGGTG 


5320 


Salt Tolerance 
HKT1 

Triticum aestivum 


CAAATGAGAACATGGTCATCnCTCAAAGAATTCAGGCCTCTie 1 1 

GCTGCTGAGTGGCCIGATGCTCGCAGGCAATACATTGTTCCCTCT 

CTTCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


Gln270Leu 
CAG-CTG 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAATGT 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AATTCTTTGAGAAGATGACCATGTTCTCATTTG 


5322 




GAGTG6CCIGATGCTCG 


5323 
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5 



10 



15 



Phenbtype, Gene, 
Plant 5t Targeted 


i Aft6ringjOHgo$^^- 

> r i, i o-'^v^ % ^^^,4i 


SEQID 

NO; 






5324 


Salt Tolerance 
HKTl 

Triticum aestivum 


PAf^Tl ; 1 1 1 fnAT(^r^r5PTPAr-:P 1 PI rATPAPAAOAnxoTOAAxor^AT-T- 

CTTCATGGTGGTGAGTGCGAGGPAPTPAr5rinr:jArsAATTPPATPr2 
ACTGCTCGCTCATGTCCCCTGCCATTATAGT 


5325 


Asn365Ser 
AAT-AGT 


ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 
CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTGACAGTr 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 


5326 




GGTGGTGAgTGCGAGGC 


5327 






5328 


Freezing Tolerance 
proline oxidase 
precursor 


1 1 1 1 1 1 II GTTTTCGTTTTCAAAAACAAAATCTTTGAATTTTATnnPA 

ACCCGTCTTCTCIGAACAAACTTTATCCGGCGATCTTACCGTTTAC 
CCGCI 1 1 lAGCCCGGTGGGTCCTCCCA 




Arabidopsis thaliana 

Arg7Term 

CGA-TGA 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 
CGGATAAAGTTTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 
GAl 1 IIGI 1 nTGAAAACGAAAACAAAAAAAA 


5330 




GTCTTCTCIGAACAAAC 


5331 




GTTTGTTCAGAGAAGAC 




Freezing Tolerance 
proline oxidase 
precursor 


TCAAAAACAAAATCTTTGAATTTTATrir;PAArrrf5Tr'TTrTrAr2AA 

CAAACTTTATCCGGTGATCTTACCGTTTACCCGCTTTTAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 


oooo 


Arabidopsis thaliana 

Arg13Term 

CGA-TGA 


CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 

GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 

GGTTGCCATAAAATTCAAAGATDTGTTTTTGA 


5334 




nATCCGGIGATCTTAC 


5335 




GTAAGATCACCGGATAA 


OOOO 


Freezing Tolerance 
proline oxidase 
precursor 


AAAATC 1 1 1 GAATTTTATGGCAACCPCTPTTPTPP(^AAPAAAPTTTA 

TCCGGCGATCTTAGCGTTTACCCGCTTTTAGCCCGGTGGGTCCTC 
CCACCGTGACTGCTTCCACCGCCGTCGTC 


OOo/ 


Arabidopsis ttialiana 

Tyr15Term 

TAC-TAG 


GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGATnT 


5338 




CGATCnAfiCGTTTACC 


5339 




GGTAAACGCTAAGATCG 


5340 
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\ f Pbenotype, Gene, 
' ' Afteration:: I; . 


^ ' ^ Alterrrtd OlidOS^ ;>aI 




: NO; 


Freezing Tolerance 
proline oxidase 
precursor 


CTTTGMTTTTATGGCAACCCGTCTTCTCCGAACAAACTTTATCCG 
GCGATCTOCCGTTAACCCGCI 1 1 1 AGCCCGGTGGGTCCTCCCAC 
CGTGACTGCTTCCACCGCCGTCGTCCCGGA 


5341 


Arabidopsis thaliana 

LeulTTerm 

TTA-TAA 


TCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

CCGGGCTAAAAGCGGGTTAACGGTAAGATCGCCGGATAAAGTTTG 

TrCGGAGAAGACGGGTTGCCATAAAATTCAAAG 


5342 




TTACCGTTMCCCGCTT 


5343 




AAGCGGGTTAACGGTAA 


5344 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis tlialiana 

Gly42Term 

GGA-TGA 


GCGGTGGGTCCTCCCACCGTGACTGCTTCGACCGCCGTCGTCCC 
GGAGATTCTCTCCI 1 UGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


CATCGTGAGATTGCTCGGTGGGTTTTGGGTGGTGAAGAGGTGGT 
TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 


5346 




TCTCCnTTGACAACAA 


5347 




TTGTTGTCAAAAGGAGA 


5348 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Arg4Term 
CGA-TGA 


ACATGAAGCAGTGAAATCICIGTTTG-IAI IGAAICI lAI lAGICICA 
AACTATGAATTTCTGACAAGAGAAGI 1 1 GTAAGGTCAGTGTTCCAG 
ATTTGTCTCATTGAATTCTAAGTCGTGA 


6349 


TCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCTOC 
AAACTTCTCTTGTCAGAAATTCATAGTTTGAGACTAATAAGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 


5350 




TGAATTTCIGACAAGAG 


5351 




CTCTTGTCAGAAATTCA 


5352 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
GInSTerm 
CAA-TAA 


TGAAGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAAC 
TATGAATTTCCGATAAGAGAAGTTTGTAAGGTCAGTGTTCCAGATT 
TGTCTCAnGAATTCTAAGTCGTGAAGC 


5353 


GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCT 
TACAAACTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 
CAATACAAACAGAGATTTCACTGCTTCA 


5354 




ATTTCCGAIAAGAGAAG 


5355 




CTTCTCTTATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


AGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 
GAATTTCCGACAATAGAAGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 


5357 


Arabidopsis thaliana 

GluSTernn 

GAG-TAG 


TAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAAACTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 

GATTCAATACAAACAGAGATTTCACTGCT 


5358 
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5 



10 



20 



25 



Pfjenotype, Gene, 




SEQID 


. Plattt^t Targeted 


Altering 011^0$ ^ ' \ : ^ ^ 


V Alteration 










5359 




/W\t/ 1 1 0 1 AM bTCGGA 


5360 


Lead Tolerance . 
cyclic nucleotide- 
regulated ion channel 


AGTGAAATCTCTGl I IGTATTGAATCTTATTAGTCTCAAACTATGAA 
TTTCCGACAAGAGTAGTTTGTAAGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTAATT 


5361 


Arabidopsis thaliana 

Lys7Term 

AAGTAG 


AATTAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 




GACAAGAGIAGTTTGTA 


5363 




1 /\LPJ\AL 1 AOTCTTGTC 


5364 


Lead Tolerance 
cyclic nucleotide- 
regulated Ion channel 


CAnGAATTCTAAGTCGTGAAGCTTAATTCGATTCTTCTTCACTTTC 
TCGGATCAGGI 1 1 lAAGATTGGAAGTCGGATAAGACTTCCTnPftA 

CGTGGAATATTCCGGTAAAAACGAGATTC 


5365 


Arabidopsis thaliana 

Gln12Term 

CAA-TAA 


GAATCTCGlTTTTACCGGAATATTCCACGTCGGAGGAAGTCTTATC 

CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 


5366 




TCAGGTTTIAAGATTGG 


5367 




UUAAILI lAAAAOOTGA 


5368 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GTTATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTRR 
AAATCAGAGAGAAGCTCTGAGGGAAATTTTC 


5369 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


GAAAAl 1 lUCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGA7TGACTTCCA 


5370 


GInSTerm 
CAA-TAA 


ATCACCGCIAAGACGAG 


5371 


0 1 UV3 1 L. 1 rAbCbGTGAT 


5372 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
AATCACCGCCAAGACIAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAAI 1 1 ICATGCTA 


5373 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


TAGCATGAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGAnCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 


5374 


Gly7Term 
GAG-TAG 


GCCAAGACIAGTTTGTG 


5375 


CACAAACTAGTCTTGGC 


5376 
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Phenotype, (Sene, 
Plants Targeted 
Alteration 

_ead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
}inding ion channel 
(CBP4) 

Micot'iana Tabacum 

Glnl2Term 

CAG-TAG 



Altering Oligo$ 



GAGTTTGTGAGGTTTIAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 







SEQID. 








NO; 









GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 



TGAGGTrTTAGGATTGG 



CCAATCCTAAAACCTCA 



5378 



5379 



5380 



.ead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Trp14Term 

TGG-TGA 



TGATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGT7TGT 
GAGGTrrCAGGATTGIAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 



TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATrrCCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 



CAGGATTGIAAATCAGA 



TCTGATTTACAATCCTG 



5381 



5382 



5383 



5384 



Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicoiiana Tabacum 

Lys15Tenn 

AAA-TAA 



GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGTG 
AGGTTTCAGGATTGGIAATCAGAGAGAAGCTCTGAGGGAAATTTT 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 



CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 
GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCAATGCATC 



AGGATTGGTAATCAGAG 



CTCTGATTACCAATCCT 



5385 



5386 



5387 



5388 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu2Term 
GAA-TAA 



CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGIAAAGAGAGGACAGATATGTTAGATTTCAGGA 
CTGCAAATCAGAGCAATCTGTTATCTCAG 



CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAACATA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAATTCTTCAAG 



TAATGATGTAAAGAGAG 



CTCTCTTTACATCATTA 



5389 



5390 



5391 



5392 
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Phenofype, Qerv^ 
Plant* Targeted 
Alteration 

Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg3Term 
AGA-TGA 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu4Term 
GAG-TAG 



Afterfng O!igo$ 

GAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 
GAGATAATGATGGAAIGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGHATCTCAGAGA 

TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCAnCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 



TGATGGAATGAGAGGAC 



GTCCTCTCATTCCATCA 



GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGAIAGGACAGATATGTTAGATTTCAGGACTGCA 

AATCAGAGCAATCTGTTATCTCAGAGAACG 



CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGAACA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 



TGGAAAGAIAGGACAGA 



TCTGTCCTATCTTTCCA 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
ArgBTerm 
AGA-TGA 



Lead Tolerance 
calmodulin binding 
ransport protein 
Hordeum vulgare 
TyrTTerm 
TAT-TAG 



ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACTGATATGTTAGATTTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 



AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

CGAACAGTTAGCAGCTAAGAGTGGTAGAT 



GAGAGGACTGATATGTT 



AACATATCAGTCCTCTC 



CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 

TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAAATCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
CAGGCGAACAGTTAGCAGCTAAGAGTGG 



GACAGATAGGTTAGATT 



AATCTAACCTATCTGTC 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thallana 
Glu2Term 

GAG-TAG 



ATCCTTCTCTGAGAAAAAACAACAGATCCGAATTTTATCTTTAATCA 
GCCGGAAAAAATGIAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 



AAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 

TCTCGATCGC TTTCTA CATTTTTTCCGGCTGATTAAAGATAAAATTC 
GGATCTGTTGTTTTTTCTCAGAGAAGfiAT 



5394 



5395 



5396 



5397 



5398 



5399 



5400 



5401 



5402 



5403 



5404 



5405 



5406 



5407 



5408 



5409 



5410 



BNSOOCID: <WO. 
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Pheootype, Gene, 




ISEQID! 


':' Alteration 


' , ' ^ ' AKering OlifiOS ' / { ^ 




AAAAAATGIAGAAAGCG 


5411 




CGCTTTCTACATTTTTT 


5412 


2 4-DB resistance 

3-ketoacyl-CoA 

thiolase 


UTTCTCTGAGAAAAAACAACAGATCCGAAI 1 1 lArCT'l l AAICAGC 
CGGAAAAAATGGAGTAAGCGATCGAGAGACAACGCGTTCTTCTTG 

AGCATCTCCGACCTTCTTCTTCTTCTTCGC 


5413 


Arabidopsis thaliana 

LysSTerm 

AAA-TAA 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 
TGTCTCTCGATCGCTrACTCCATTTTTTCCGGCTGATTAAAGATAA 
AATTnRRATCTGTTGTTTTTTCTCAGAGAAG 


5414 


AAATGGAGIAAGCGATC 


5415 




GATCGCTTACTCCATTT 


5416 


2 4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAAAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAA 
TGGAGAAAGCGATCTAGAGACAACGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTCTTCTTCTTCGCACAATTACG 


5417 


Arsbidopsis thsliana 

GluBTerm 

GAG-TAG 


CGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 
GAACGCGTTGTCTCTAGATCGCmCTCCATTTTTTCCGGCTGATT 
AAAGATAAAATTCGGATCTGTTGI I 1 1 1 iC 


. 5418 


AAGCGATCIAGAGACAA 


5419 




TTGTCTCTAGATCGCTT 


5420 


2 4-DB resistance 

3-ketoacyl-CoA 

thiolase 


AAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGG 
AGAAAGCGATCGAGTGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 


5421 


/^abidopsis thaliana 

ArgTTerm 

AGA-TGA 


CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCA/ 
GAAGAACGCGTTGTCACTCGATCGCTTTCTCCAl nil iCCGGCT 
RATTAAAGATAAAATTCGGATCTGTTGI 1 1 1 


^ 5422 


CGATCGAGTGACAACGC 


5423 




GCGTTGTCACTCGATCG 


5424 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGGAGP 
AAGCGATCGAGAGAIAACGCGTTCTTCTTGAGCATCTCCGACCTT 
CTTCTTCTTCTTCGCACAATTACGAGGCTT 


^ 5425 


Arabidopsis thaliana 

GlnSTerm 

CAA-TAA 


AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGC 
CAAGAAGAACGCGTTATCTCTCGATCGCTTTCTCCAI 1 II i iCCGC 
CTGATTAAAGATAAAATTCGGATCTGTTGT 


r 5426 
B 


TCGAGAGAIAACGCGTT 


5427 




AACGCGTTATCTCTCGA 


5428 
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. Phenol^e, Gene, 
Plml 5" Targeted 
Miieraiion 




SEQfD 
NO: 




^,H-uD rebisiance 
glyoxysomal beta- 
ketoacyol-thiolase 


l3A(jAl3AL»AAAt»Ab 1 1 LITCTTGAACATCTCCGTCCTTCTTCTTCTT 

CCTCTCACAGCTTTTAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 

TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


5 


precursor 
Brassica napus 
Glu26Term 


AGGTCCTCTGATACGCAGCACTGTCCCCAGCCAAGCAAGCTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAA6G 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 


5430 




GAA-TAA 


ACAGCTTTIAAGGCTCT 


5431 






AGAGCCTTAAAAGCTGT 


5432 


10 


^,H-UD resisiance 
glyoxysomal beta- 
ketoacyokhiolase 


1 1 bAAUA 1 0 1 UUbTUOTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGCTTGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 




precursor 
Brassica napus 
Ser32Term 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCT£AAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 


5434 




TCA-TGA 


CTCTGCTTGAGCTTGCT 


5435 








5436 


1 9 


4L,H-uo resisiance 
glyoxysomal beta- 
ketoacyol-thiolase 


1 L/ 1 oOGTCOTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTC 

TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


20 


precursor 
Brassica r)apus 
Cys34Term 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCGTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 




TGC-TGA 


TCAGCTTGATTGGCTGG 


5439 








5440 


25 


£.,H-uo rcSisiance 
glyoxysomal beta- 
ketoacyol-thiolase 


1 OUb 1 CCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATGAGAGGA 
CCTCTCTCTATGGAGATGATGTAGTCATTGT 


5441 


precursor 
Brassica napus 
Leu35Term 


ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCGCCAGCCIAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGAGGGA 


5442 




TTG-TAG 


AGCTTGCTAGGCTGGGG 


5443 






GGCCAGGGIAGCAAGCT 


5444 



BNSDOCID: <WO_0192512A2J.> 
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Phenotype, Gene, 

Plant A Taffipf pri 
Alteration 




SEQID, 


NOr 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCACAGCTTTGAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGCTGG 

GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGCGGCACATAGGACTGCACTA 


5445 


precursor 
Brassica napus 
Tyr42Term 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


TAT-TAG 


GCTGCGTAfiCAGAGGAC 


6447 




GTCCTCTGCTACGCAGC 


5448 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


CAACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTC 

TTCTTCTCACAATTAGGAGTCCGCTCnGCCGCATCAGTATGTGCT 

GCAGGGGATAGCGCCGCATATCATAGGGCT 


5449 


Mangifera indica 

Tyr25Term 

TAC-TAG 


AGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 

GGAGATGCTGGAGCAACACTTGCTGTCTGTTG 


5450 




CACAATTAGGAGTCCGC 


5451 




GCGGACTCCTAATTGTG 


5452 


2,4-DB resistance 
3-ketoacyol-CoA 
thiolase B 


AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 

CTTCTCACAATTACTAGTCCGCTCTTGCCGCATCAGTATGTGCTG 

CAGGGGATAGCGCCGCATATCATAGGGCTT 


5453 


Magnifera indica 

Glu26Term 

GAG-TAG 


AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGAAGAATTAGAAGGG 

CGGAGATGCTGGAGCAACACTTGCTGTCTGTT 


5454 




ACAATTACIAGTCCGCT 


5455 




AGCGGACTAGTAATTGT 


5456 


2,4-DB resistance 
3-ketoacy\ol-CoA 
thiolase B 


TCCAGCATCTCCGCCCTTCTAATTCTTCTTCTCAC^TTACGAGTC 
CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 
ATCATAGGGCTTCTGTTTATGGAGACGATGT 


5457 


Mangifera indica 

Ser32Term 

TCA-TGA 


ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 

GAAGAAGAATTAGAAGGGCGGAGATGCTGGA 


5458 




TGCCGCATGA6TATGTG 


5459 




CACATACTCATGCGGCA 


5460 
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SEQiD 

NO: ^ 


< Pldiil& Targeted 




Afterihg Oligo^ , ' f V 


Alteration 






2,4-DB resistance 
S-ketoacvl-CoA 
thiolase B 


TCTCCGCCCTTCTAATTCTTCTTCTCACMTTACGAGTCCGCTCTT 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 
GGCTTCTGTTTATGGAGACGATGTGGTGATT 


5461 


Mangifera indica 

Cys34Term 

TGT-TGA 


AATCACCACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 
AATTGTGAGAAGAAGAATTAGAAGGGCGGAGA 


5462 




TCAGTATGAGCTGCAGG 


5463 




CCTGCAGCICATACTGA 


5464 


2,4-DB resistance 
3-ketoacvl-CoA 
thiolase B 


TCACAATTACGAGTCCGCTCTTGCCGCATGAGTATGTGCTGCAGG 
GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 
GGTGATTGTGGCAGCTCATCGTACTGCACTT 


5465 


Mangifera indica 

Tyr42Term 

TAT-TAG 


AAGTGCAGTACGATGAGCTGCCACAATCACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 


5466 




GCCGCATAGCATAGGGC 


5467 




GCCCTATGCTATGCGGC 


5468 


2,4-DB resistance 

3-ketoacvl-CoA 

thiolase 


GAAGGCGATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCC 
TTCTTCTTCCGCnAGACAAATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCTTCGTATCAA 


5469 


Cucumis sativus 

Tyr22Term 

TAC-TAG 


TTGATACGAAGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 
TARnAAAATRnTnTfiCnTGTTGATCRnCTTCi 


5470 




TCCGCTTA6ACAAATGA 


5471 




TCATTTGTCTAAGCGGA 


5472 


2,4-DB resistance 

3-ketoacvl-CoA 

thiolase 


AICAACAGGCAGAGCAI 1 1 IGCIAUAIGAICICCGGCCI ICI ICI 1 

CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 

TGGGGATAGTGCTTCGTATCAAAGGACAT 


5473 


Puaimis sativus 

Glu25Term 

GAA-TAA 


ATGTCCnTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 




ACACAAATTAATCTTCG 


5475 




CGAAGAI lAAl 1 IGIGI 


5476 
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Phenol^e, Gene, 
Afteratton ^ 


Afterittd Olidos i ' ^ ^ 

^ * > . , '■ ■ 


SEfllD 

- HO; 




2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCATnTGCTACATCATCTCCGGCCTTCTTCTTCCGCTTA 
CACAAATGAATCTTAGCTCTCTGCATCGGI M GTGCAGCTGGGGA 
TAGTGCTTCGTATCAAAGGACATCGGTGTT 


5477 


5 


Cucumis sativus 

Ser27Term 

TCG-TAG 


AACACCGATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGGAAAATGCTCTGCC 


5478 






TGAATCTTAGCTCTCTG 


6479 






CAGAGAGCTAAGATTCA 


5480 




2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TGCTACATCATCTCCGGCCTTCTTGTTCCGCTTACACAAATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
TCAAAGGACATCGGTGTTTGGAGATGATGT 


5481 


10 


Cucumis sativus 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCACTATCCG 

CAGCTGCACAAACCIATGCAGAGAGCGAAGATTCATTTGTGTAAG 

CGGAAGAAGAAGGCCGGAGATGATGTAGCA 


5482 






CTCTGCATAGGTTTGTG 


5483 






CACAAACCIATGCAGAG 


5484 


15 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATGTCCGGCCTTCTTCTrCCGCTTACACAAATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 
ACATCGGTGTTTGGAGATGATGTCGTGATT 


5485 


Cucumis sativus 

Cys33Term 

TGT-TGA 


AATCACGACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCA 

CTATCCCCAGCTGCICAAACCGATGCAGAGAGCGAAGATTCATTT 

GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 


5486 






TCGGTTTGAGCAGCTGG 


5487 






CCAGCTGCICAAACCGA 


5488 


20 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAGGCAATGAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 
TTCATCTTCGGCTTAGAGCCATGAATCTTCfaOTCI 0 1 bOA I UvjVj 1 1 
TGTGCAGCTGGGGATAGTGCGTCGTATCAA 


5489 




Cucurbita sp. 

Tyr22Term 

TAT-TAG 


TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGAAGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 

GTAGCAGAATGCTCTGCCTGTTGAITGCCTrC 


5490 






TCGGCTTAGAGCCATGA 


5491 






TCATGGCTCTAAGCCGA 


5492 
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Phenoiype, Oene, 
Plartt & Tar^^ted ^ 




: NO; 


3-ketoacyl-CoA 
thtolase 


A 1 L.AAL»AVjoL.AoAoL>A I I L> I Vao 1 At/A 1 L»A 1 U 1 L>L>v3uOL>T I OATOTT 

CGGCTTATAGCCATTAATCTTCGCTCTCTGCATCGGT7TGTGCAG 

CTGGGGATAGTGCGTCGTATCAAAGAACGT 


5493 


Cucurbita sp. 

Glu25Term 

GAA-TAA 


ACGnCTTTGATACGACGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATGGCTATAAGCCGAAGATGAAGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT ■ 


5494 




ATAGCCATTAATCnCG 


5495 








3-ketoacyl-CoA 
thiolase 


ouUAoAuL-A 1 1 0 1 laL. 1 AL.A 1 UA 1 U 1 oHjoOU 1 1 L.A 1 L> 1 1 LotiUI 1 

ATAGCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


Cucurbita sp. 

Ser27Term 

TCG-TAG 


AACACCGACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATGGCTATAAGCCGAAGATGAA 
GGCCGGAGATGATGTAGCAGAATGCTCTGCC 


5498 




TGAATCTTiBiGCTCTCTG 


5499 




rAf^ARAf^fTAAf^ATTrA 

OM\J/AOr\OVM>_l_r\MOA 1 1 \jf\ 


oouu 


z,4-ud restsianc6 

3-ketoacyI-CoA 

thiolase 


i vjO I ALAI OATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCGTCGTA 
TCAAAGAACGTCGGTGTTTGGAGATGATGT 


5501 


Cucurbita sp. 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGACGTTCTTTGATACGACGCACTATCCC 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATGGCTATAAG 
CCGAAGATGAAGGCCGGAGATGATGTAGCA 


5502 




CTCTGCATAGGTTTGTG 


5503 




nACAAAnnTATftPARAf? 


00U4 


c.,H''UO r6SlSlanC6 

3-ketoacyl-CoA 
thiolase 


1 L.A 1 o 1 V/OouUU 1 1 OA loll UooCTTATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
ACGTCGGTGTTTGGAGATGATGTCGTGATA 


5505 


Cucurbita sp. 

Cys33Term 

TGT-TGA 


TATCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATGG 
CTATAAGCCGAAGATGAAGGCCGGAGATGA 


5506 




TCGGTTTGAGCAGCTGG 


5507 






5508 


2,4 UB resistance 
Pex14 

Arabidopsis thaliana 


1 CA 1 AG 1 C 1 C 1 1 1 1 GCCGCTTGGATl CI 1 CCAAGG 1 1 AGTGAGCTG 

CTATGGCAACTCATTAGCAAACGCAACCTCCTTCCGATTTTCCCG 

CTCTTGCCGATGAAAATTCCCAGATTCCAG 


6609 


GlnSTerm 
CAG-TAG 


CTGGAATCTGGGAATnTCATCGGCAAGAGCGGGAAAATCGGAAG 

GAGGTTGCGTTTGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 

GGAAGAATCCAAGCGGCAAAAGAGACTATGA 


5510 
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Phenotype, Gene, [ 
Plant & Targeted 


^AHerlfigOngo$ ' : ^ ; 


SEQID 
NO; 


Alteration.; , : 






CAACTCATIAGCAAACG 


5511 




CGTTTGCTAATGAGTTG 


5512 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


TAGTCTCTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTA 
TGGCAACTCATCAGIAAACGCAACCTCCTTCCGAI 1 1 ICCCGCTC 
TTGCCGATGAAAATTCCCAGATTCCAGGTT 


5513 


GlnBTerm 
CM-TM 


AACCTGGAATCTGGGAATrrrCATCGGCAAGAGCGGGAAAATCGG 
AAGGAGGTTGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CTTGGAAGAATCCAAGCGGCAAAAGAGACTA 


5514 




CTCATCAGIAAACGCAA 


5515 




1 IGCGl 1 lACTGATGAG 


5516 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


CTTTTGCCGCTTGGATTCnCCAAGGTTAGTGAGCTGCTATGGCA 
ACTCATCAGCAAACGIAACCTCCTTCCGAI 1 1 1 CCCGCTCTTGCC 
GATGAAAATTCCCAGATTCCAGGTTCAATTT 


5517 


GInSTerm 


AAATTGAACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAA 
AATCGGAAGGAGGTTACGTTTGCTGATGAGTTGCCATAGCAGCTC 
ACTAACCTTGGAAGAATCCAAGCGGCAAAAG 


5518 




AGCAAACGIAACCTCCT 


5519 




AGGAGGTTACGTTTGCT 


5520 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


GCTGCTATGGCAACTCATCAGCAAACGCAACCTCCTTCCGAl 1 1 1 
CCCGCTCTTGCCGATIAAAATTCCCAGATTCCAGGTTCAATTTACA 
CCTTCTAATCAnATTTCTTAAl 1 1 IICTT 


5521 


Glu19Term 
GAA-TAA 


AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 
AATCTGGGAAl 1 1 1 AATCGGCAAGAGCGGGAAAATCGGAAGGAG 
GTTGCGTTTGCTGATGAGTTGCCATAGCAGC 


5522 




TTGCCGATTAAAATTCC 


5523 




GGAATTTTAATCGGCAA 


5524 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


GCAACTCATCAGCAAACGCAACCTCCTTCCGATTTTCCCGCTCTT 
GCCGATGAAAATTCCIAGATTCCAGGTTCAAl 1 lACACCTTCTAAT 
CATOTTTCTTAATTTTTCTnrGGTGGATT 


5525 


Gln22Term 
CAG-TAG 


AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 
GAACCTGGAATCTAGGAAI 1 1 1 CATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGnGCGTTTGCTGATGAGTTGC 


5526 




AAAATTCCIAGATTCCA 


5527 




TGGAATCTAGGAATTTT 


5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to hamess these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
5 acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
1 0 process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



Plant & Targeted 
Alteration 


Altering Oligo^ .^f : ^ . 


'SEQfD 
NO: ^ 


White leaves 
mmutans 

Arabidopsis thaliana 

SerSTerm 

TCA-TGA 


TTCTTTCCTGTGAAATTATCTGCTCAAATCTTTGGTTCCTGACGGAG 

ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATrrCA 

CGGCCTTTGGTTACTCTTCGACGCTCTAG 




CTAGAGCGTCGAAGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGAA 


OOoU 


GGCGATTTGAGGCATCT 


5531 


AGATGCCTCAAATCGCC 


5532 


White leaves 
Immutans 

Arabidopsis thaliana 

Leu12Term 

TTG-TAG 


GCTCAAA'ICl I IGGI ICCIGAUGGAGAIGGUUUUUAI I lUAUUUA 
TCTCCTCTGGTACGTAGACGATTTCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 


5533 


GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
GCCATCTCCGTCAGGAACCAAAGATTTGAGC 


5534 


TGGTACGTAGACGATTT 


5535 


AAATCGTCIACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TTTGGTTCCTGACGGAGA 1 GGCGGCGAT 1 1 CAGGCA 1 CI CCI CI G 

GTAGGTTGACGATTTGACGGCCTTTGGTTACTGTTCGACGCTCTAG 

AGCCGCCGTTTCGTACAGCTCCTCTCACCG 


5537 


CGGTGAGAGGAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAG 
AGTAACCAAAGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TRAAATrGnCGCCATCTCCGTCAGGAACCAAA 


5538 


GACGATTTGACGGCCTT 


5539 


AAGGCCGTCAAATCGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Term 

CGA-TGA 


^SCGGCGATTTCAGGOA 1 C 1 CCTCi GG 1 ACG ITGACGA 1 1 1 CACGG 

CCTTTGGTTACTCTTrGACGCTCTAGAGCCGCCGTTTCGTACAGCT 

CCTCTCACCGATTGCTTCATCATCTTCCTC 


5541 


GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 


TTACTCTTIGACGCTCT 


5543 


AGAGCGTCAAAGAGTAA 


5544 
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5 



10 



15 



20 



25 



WhJte leaves 
Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCi^^Tf^Tft/i 1 A('V.iTTf^Ar^<^ATTTr^Ai^ W nv v^'i ta 
1 J w I ov-r 1 \^ 1 1 MV^O 1 J oMOVjM I J J U/\UoVjUU I 1 1 1 TA 

CTCTTCGACGCTCTTGAGCCGCCGtTTCGTACAGCTCCTCTCACC 
GATTGCTTCATCATCTTCCTCTCTCTTGTC 


5545 


GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 
TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 


GACGCTCTTGAGCCGCC 


5547 


GGCGGCTCAAGAGCGTC 


oo4o 


White leaves 

Immutans 

Lycopersicon 

esculentum 

GlyllTerm 

GGA-TGA 


1 101 101 ovjvjmmvjvjmalsaaoUA 1 L/AAbAA 1 oGCGA 1 1 1 CGATTT 

CTGCTATGAGTTTTIGAACCTCAGTTTCTTCATATTCTTGTTTTAGA 
GCTAGGAGTTTTGAGAAGTCATCAGTTT 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGAA 
GAAACTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCAnC 
TTGATCCTTCnCCnCCCACAAGAATC 


5550 


TGAGTTTTIGAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


OOO/i 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGAAGGAAGAAGGATCAAGAATfir;rrsATTTrriATTTrTnr>TA 

TGAGI 1 1 IGGAACCTGAGTTTCTTCATATTCTrGTTTTAGAGCTAGG 
AGl 1 1 lUAUAAGTCATCAGTTTTATGCAA 


5553 


TTGCATAAAACTGATGACnCTCAAAACTCCTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCTTCCTTCCCAC 


5554 


TGGAACCTGAGTTTCn 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

1 1 oA 


AAGAAGGATCAAGAATGGCGATTTCRATTTPTnrTATr^AnTTTTnr 

AACCTCAGmCTTWATTCTTGTTTTAGAGCTAGGAGTTTTGAGA 
AGTCATCAGTTTTATGCAATTCCCAGAA 


CCC7 

5557 


TTCTGGGAAnGCATAAAACTGATGACTTCTCAAAACTCCTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTT 


5558 


AGTrrCTreATATTCTT 


5559 




AAGAATATCAAGAAACT 


\JnJ\J\J 


White leaves 

mmutans 

Lycopersicon 


AGGATCAAGAATftt^PnATTTPr^ ATTTPTriPT ATO a P i i i i nn a a r^r^ 

TCAGTTTCTTCATAGTCTTGTTTTAGAGCTAGGAGTTTrGAGAAGTC 
ATCAGI 1 1 lATGCAATTCCCAGAACCCA 


r f f> A 

5561 


esculentum 
Tyr17Temi 
TAT-TAG 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGAAGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 




rcnCATAGTCTTGTTT 


5563 


i 


ftAACAAGACTATGAAGA 


5564 
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White leaves > 
Immutans 

Lycopersicon 


\AGAATGGCGATTTCGATTTCTGCTATGAGI 1 ITGGAACCTCAGTT 
rCTTCATATTCTTGATTTAGAGCTAGGAGI 1 1 1 GAGAAGTCATCAGT 
ITTATGCAATTCCCAGAACCCATGTCGG 


5565 


esculentum < 
Cys19Term < 
TGT-TGA 


DCGACATGGGTTCTGGGAA7TGCATAAAACTGATGACTTCTCAAAA 
CTCCTAGCTCTAAATCAAGAATATGAAGAAACTGAGGTTCCAAAAC 
TCATAGCAGAAATCGAAATCGCCATTCTT 


5566 




rATTCTTGATTTAGAGC 


5567 




GCTCTAAAICAAGAATA 


5568 


White leaves 
Immutans 
Capsicum annuum 
Ser13Term 
TCA-TGA 


CGCGTCCGATAAAAAAATCAAGAAI GGCGA 1 1 TCCATATCTGCTAT 
GAGTTTTCGAACTTGAGTTTCTTCTTCATATTCAyUAl 1 1 1 iGTGCA 
ATTCCAAGAACCCAI 1 1 rGTTTGAATTC 


5569 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAAATGCTGAAT 
ATGAAGAAGAAACTCAAGTTCGAAAACTCATAGCAGATATGGAAAT 
CGCCATTCTTGATnmTATCGGACGCG 


5570 




TCGAACTTGAGTTTCn 


5571 




AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 
Capsicum annuum 
Ser17Term 
TCA-TGA 


AAAAATCAAGAATGGCGATTTCCATATCTGGTATGAGI 1 1 lUGAACT 
TCAGTTTCTTCTTGATATTCAGCATTTTTGTGCAATTCCAAGAACCC 

ATTTTGTTTGAATTCTCTATTTTCACT 


5573 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATTGCACA 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 
AGATATGGAAATCGCCATTCTTGAI 1 1 1 1 


5574 




TTCTTCTTGATATTCAG 


5575 




CTGAATATCAAGAAGAA 


5576 


White leaves 
Immutans 
Capsicum annuum 
SerlQTerm 
TCA-TGA 


CAAGAATGGCGATTTCCATATCTGCTATGAGTrTTCGAAGTTCAGT 
TTCTTCTTCATATTGAGCAI 1 1 1 1 GTGCAATTCCAAGAACCCATTTT 
GTTTGAATTCTCTAI 1 1 ICACTTAGGAA 


5577 


TTCCTAAGTGAAAATAGAGAATrCAAACAAAATGGGTTCnGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 
ATAGCAGATATGGAAATCGCCATTC7TG 


5578 




TTCATATTGAGCATTTT 


5579 




AAAATGCTCAATATGAA 


5580 


White leaves 
Immutans 
Capsicum annuum 
Leu21Temfi 
TTG-TAG 


CGAmCCATATCTGCTATGAGTTTTCGAACTTCAGTTTCTTCTTCA 
TATTCAGCAI 1 1 lAGTGCAATTCCAAGAACOt/AI 1 1 Hal i lu/wi iv- 
TCTATTTTCACTTAGGAATTCTGATAG 


5581 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGAA7TGCACIAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 




AGCATTTTAGTGCAATT 


5583 




AAnGCACTAAAATGCT 


5584 
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White leaves 
Immutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


I 1 (^nATATPT(^PTATr^Ari5TTTTPr!AAr'TTOAr*TTT"nXTOTTOATAXX 
1 1 1 n 1 o t 1 n 1 oMU MM UoAALr 1 1 UAo 1 1 1 0 1 I U 1 1 UA 1 Al i 

CAGCAI 1 1 1 IGTGAAATTCCAAGAACCCATTTTGTTTGAATTCTCTA 

1 1 1 ICACTTAGGAATTCTCATAGAACT 


5585 


AGnCTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCTTGGAATTICACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 


5586 


TTTTTGTGAAATTCCAA 


5587 


TTGGAATTTCACAAAAA 


OOOO 


White leaves 
Immutans 
Oryza sativa 
Glu22Term 
GAG-TAG 


I I ov5oo/ALrOMoovjAoAAo\jAUUAoAUUUAolj 1 ooOL/oTCGAGG 

AGTCCTTCCCCnCAGGIAGACGGCTCCTCCTGACGAGCCACTGG 
TCACCGCCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 

TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 

CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CCTTCAGGIAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 
Oryza sativa 
Glu28Term 
CAG-TAG 


omui^mvjmu^^ijMoVj I UvjOL/o I L.oAboAo 1 Ut* 1 1 LOCCTTCAGGGA 
GACGGCTCCTCCTGACTAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGnAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCT6AAGGGG 
AAGGACTCCTCGACGGCCACCTCGGTCTGCTC 


5594 


CTCCTGACIAGCCACTG 


5595 


CAGTGGCTAGTCAGGAG 


ooUb 


White leaves 
Immutans 
Oryza sativa 
Glu34Temi 
GAG-TAG 


V3 1 L>ortooAVj 1 LrU 1 1 ^UL/L* 1 1 UAbboAoAOooO I UOTOCTGACGA 
GCCACTGGTCACCGCCIAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTCCGTGAACAI 1 1 1 CCTCACGGAGTCAGTCA 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGGTCGAGCTTAA 
CCACGCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 
GCCGTCTCCCTGAAGGGGAAGGACTCCTCGAC 


5598 


TCACCGCCIAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


ccnn 
5600 


White le;3\/p<% 
mmutans 
Oryza sativa 
Glu35Term 
GAG-TAG 


oAVavpMVj 1 Liirf 1 1 OOUU 1 1 OACjooAtiAOoGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGTAGAGCTGGGTGGTTAAGCTCGAGCAGT 
CCGTGAACA 1 1 1 1 CCTCACGGAGTCAGTCATCA 


5601 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 




CCGCCGAGIAGAGCTGG 


5603 




CCAGCTCTACTCGGCGG 


5604 



BNSDOCID: <WO 0192512A^I_> 



wo 01/92512 



-119- 



PCT/USOl/17672 



White leaves 
Immutans 
Oryza sativa 


CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 

CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 

TTTTCCTCACGGAGTCAGTCATCACGATACTT 


5605 


Trp37Term 
TGG-TGA 


AAGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTCGAGCTTAACCACICAGCTCTCCTCGGCGGTGACCAGTGGCTC 

GTCAGGAGGAGCCGTCTCCCTGAAGGGGAAG 


5606 


GAGAGCTGAGTGGTTAA 


5607 


TTAACCACICAGCTCTC 


5608 


White leaves 
Immutans 
Triticum aestivum 
Trp22Tefm 
TGG-TGA 


TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCG 

GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCAAC 

GTATTCCTCACGGATACTGTCATCTTTATACTC 


5609 


GAGTATAAAGATGACAGTATGCGTGAGGAATACGTTGAAGGACTG 
CTCGAATCTGACGACTCAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GCTCCTCGTCGAATCCCCCTTCCTCCTCCGGA 


5610 


GGCGACTGAGTCGTCAG 


5611 


CTGACGACICAGTCGCC 


5612 


White leaves 
Immutans 
Triticum aestivum 
Arg25Term 
AGA-TGA 


GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCIGATTCGAGCAGTCCTTCAACGTATTCC 
TCACGGATACTGTCATCTTTATACTCGATATTC 


5613 


GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
GGGTGAGCTCCTCGTCGAATCCCCCTTCCTC 


5614 


GGGTCGTCIGATTCGAG 


5616 


CTCGAATCAGACGACCC 


5616 


White leaves 
Immutans 
Triticum aestivum 
Giu27Term 
GAG-TAG 


GGGGGAnCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 

ACTGGGTCGTCAGATTCTAGCAGTCCTTCAACGTATTCCTCACGGA 

TACTGTCATCTTTATACTCGATATTCTGTATC 


5617 


GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 
GGCGAGGGTGAGCTCCTCGTCGAATCCCCC 


5618 


TCAGATTCIAGCAGTCC 


5619 


GGACTGGTAGAATCTGA 


5620 


White leaves 
Immutans 
Triticum aestivum 
Gln28Term 
CAG-TAG 


GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 
GGTCGTCAGATTCGAGIAGTCCTTCAACGTATTCCTCACGGATACT 
GTCATCTTTATACTCGATATTCTGTATCGTG 


5621 


CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 


5622 


GATTCGAGIAGTCCTTC 


5623 


GAAGGACTACTCGAATC 


5624 
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5 



VVilliW Iw.QVCw 

Immutans 
Tnticum aestivum 


Pr^AriPA^^TPPTTP A AP^T ATTPPTP AO/^f^ AT APTPTP ATn \ I 1 ATA 

1 1 1 UMMLrO 1 A M LrU 1 UAUooA 1 AO 1 o 1 UA 1 o 1 1 1 A 1 A 

CTCGATATTCTGTAGCGTGACCGCGACTACGCAAGGTTCTTCGTG 
CTCGAGACCATCGCCAGGGTGCCCTATTTC 


Oo2o 


Tyr46Term 
TAT-TAG 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGAAT 


5628 



BNSDOCID: <WO_0192512A?.L> 
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Example 9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat, rice, maize, millet, sorghum, and the like, must be supplemented with niore expensive 
synthetic amino acids or amino-acid-containlng oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

Naturally occuning mutants of plants that have different levels of particular essential amino 
acids have been Identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutants are 
associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 
abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-AHerina Oliaos Conferring Amino Acid Overproduction 



Phenotype^ 6ene, 
Plants Targeted 


Altering OIigD$ j 


SEQID 




Alteration 




Met Overproduction 
CGS 

Arabidopsis thaliana 


TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGnGCACA 
GATCGTGGCGGCTAA6TGGTCCAACAACCC 


5629 


Arg77His 
CGT-CAT 


GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTATGGGCTnAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCnAAGATCCTGGAGGATA 


5630 




TAAAbOOOA 1 AbAAAU 1 


000 1 




AG! 1 ICIAIGGGCI 1 lA 


5632 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGC 

CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 

CTAAGTGGTCCAACAACCCATCCTCCGCGTT 


5633 


Ser81Asn 
AGC-AAC 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 

TGCAACACCGATGTTGTTACAGTTrCTACGGGCTTTAATGCTCAGC 

TGACGGACGAAATTAGGAGGAAATCTTAAGA 


5634 




AAA /^T/^T A A ^ A A AT/^O 

AAACTGTAACAACATCG 


CCQC 
0000 




CGATGTTGFACAGTTT 


5636 


Met Overproduction 
CGS 


TTTCCTCCTAATTTCGTCC6TCAGCTGAGCATTAAAGCCCGTAGAA 
ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 


5637 


Arabidopsis thaliana 


CCAACAACCCATCCTCCGCGTTACCTTCGG 




Gly84Ser 
GGT-AGT 


CCGAAGGTAACGCGGAGGATGGGnGnGGACCACTTAGCCGCC 
ACGATCTGTGCAACACTGATGTTGCTACAGTTTCTACGGGCTTTAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 




GCAACATCAGTGTTGCA 


0009 




TGCAACACIGATGTTGC 


5640 


Met Overproduction 
CGS 

Arabidopsis thaliana 


TTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 
CAACAACCCATCCTCCGCGTTACCTTCGGC 


5641 


Gly84Asp 
GGT-GAT 


GCCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGC 
CACGATCTGTGCAACAICGATGTTGCTACAGTTTCTACGGGCTTTA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 


5642 




CAACATCGATGHGCAC 


5643 




GTGCAACATCGATGTTG 


5644 



BNSDOCID: <WO 0192S12A2 I > 
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Phehotype, Gjene, , 
Plant & Targeted 








\. ? / Alluring v/iiyu^ . ' " 


SEQID 

NO; 




Alteration 






\/let Overproduction 
CGS 

Fragraria vesca 


TATPrTnAPTrATrrTrrr^rTTrrnTCCCAAC ITCGTCCGCCAGC 

1 /\ 1 J L/Mw 1 O/A 1 L»w 1 wwOw 1 1 www 1 wwwrv^w i i ww i wwwww#^n-p>i^ 

TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 


5645 


5 


Arg73His 
CGC-CAC 


TrnrriTTnrsArrArGAAGCCGCGACGATCTGCGCGACGCCGAT 

1 w 1 1 1 w 1 1 ww/*ww/*ww/«»wwwwW w/^wwr» i w i wwww^-** 

GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 
AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 


5646 






P A A/^rJPPP APP/^PA APT 
OMMOVJwL/OMwwwwrvAVM» 1 


5647 






Mo 1 1 OwOO 1 0V300\-» 1 1 VP 


5648 




IVrcl VJVci |Jl uvJUuuui 1 

CGS 

Fragraria vesca 

Ser77Asn 

AGC-AAC 


TCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAG 

GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 

GGCTTCGTGGTCCAACAAAGACTCCGACCTTTC 


5649 


10 


fiAAArsftTrRGAGTCTTTGTTGGACCACGAAGCCGCGACGATCTG 

CGCGACGCCGATGnGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 

GCTGGCGGACGAAGTTGGGAGGGAAGCGGAGGA 


5650 






P A A PTf^P A A P A AP ATPn 


5651 






PRATGTTGTTGCAGTTG 


5652 




Mpt nx/prnroduction 
CGS 

Fragraria vesca 

GlySOSer 

GGC-AGC 


TTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCb 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCnCGT 
GGTCCAACAAAGACTCCGACCTTTCGGCGGTGC 


5653 


15 


GCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 
ACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGGGCCTT 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 


5654 






GCAACATCAGCGTCGCG 


5655 






V<»OwwAw\30_l_VJ/A 1 V3 1 1 wW 


5656 




IVIcL VJVcl piUUUUUUII 

CGS 

Fragraria vesca 

GlySOAsp 

GGC-GAC 


TCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCTTCGTG 
GTCCAACAAAGACTCCGACCTTTCGGCGGTGCC 


5657 


20 


nrjrArnRPrGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGC 
GACGATCTGCGCGACGICGATGTTGCTGCAGrrGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 


5658 








5659 






GCGCGACGICGATGTTG 


5660 




Met Overproduction 
CGS 

Glycine max 

Arg68His 

CGC-CAC 


TCTCCTCCCTCATCCTCCGCrrCCCTCCCAACTTCCAGCGCCAUU 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 
CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 


5661 


25 


CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGCICGCCTTGGTGCTTAGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 


5662 






CCAAGGCGAGCCGCAAC 


5663 
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:^iSS;:::^5^::¥f$::^:::ii:-:::S^ 


SEQID 

NO: ; 


Pl^rtt^t Targeted 
Alteration 


' Altering Oligos 




GTTGCGGCICGCCTTGG 


5664 


Met Overproduction 
Glycine max 


TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 
bUbUbOObUAAL. 1 bOAAOAAOA 1 UbbL-b 1 UbObUAAATUbTObO 
CGCnCGTGGTCGAACAACAGCGACAACTCTCC 


5665 


Ser72Asn 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 

CGCGACGCCGATGTTGTTGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 


5666 




CAACTGCAACAACATCG 


5667 




CGATGTTGTTGCAGTTG 


5668 


Met Overproduction 

L»00 

Glycine max 


TTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 

L/AAU I oLAbL/AAUA 1 UAoLro 1 UoUoUAAA 1 Uo 1 OoUUoU 1 1 UVj 1 

GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 


5669 


Gly75Ser 


CGGCGGCCGGAGAGnGTCGCTGTTGTTCGACCACGAAGCGGC 
GACGAl 1 IGCGCGACGCTGATGTTGCTGCAGTTGCGGCGCGCCT 
TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 




GCAACATCAGCGTCGCG 


5671 




CGCGACGCIGATGTTGC 


5672 


Met Overproduction 
Glycine max 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGGGCCGC 

A A r^Tf^r^ A /^/^ A A ATOP A O/^TPPPPP A A ATPPTTPPOPPPTTP/^TO 

AAUTbUAbOAAOAl OCsAOb 1 UbLrbOAAAl obTUbLCrbCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 


5673 


bly/oAsp 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


5674 




CAACATCGACGTCGCGC 


5675 




GCGCGACGICGATGTTG 


5676 


Met Overproduction 

wVJO 


TGTCTTCTC1 GA 1 1 1 1 CAGG 1 1 1 CC 1 CC 1 AA 1 1 1 CG 1 GAGGCAGCT 


5677 


Solanum tuberosum 


AGTTGTGGCGGCTTCCTGGTCTAACAACCA 




Arg70His 

PAP 


TGGTTGTTAGACCA6GAAGCCGCCACAACTTGAGCCACGCCAATA 
1 1 bL 1 bOAA 1 1 bb 1 GTGAbbb 1 1 AA 1 bb 1 1 Abbl bbOTCAbGAAA 1 
TAGGAGGAAACCTGAAAATCAGAGAAGACA 


5678 




TAAGGCTCACAGGAATT 


5679 




AATTCCTGTGAGCCTTA 


5680 


Met Overproduction 
CGS 

Solanum tuberosum 


1 1 r ICAGGTnCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGC 

TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 


5681 


Ser74Asn 
AGC-AAC 


TCAGGACCGGGTTGGTTGTrAGACCAGGAAGCCGCCACAACTTG 

AGCCACGCCAATATTGirGCAATTCCTCCTAGCCTTAATGCTTAGC 

TGCCTCACGAAATTAGGAGGAAACCTGAAAA 


5682 
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Phenotvpe, 6ene,' 
Plant 5^ Targeted 
Alteratioil >.i 


? - : 

AHerlngOWgos ^ , ' 


■SEQ ID 
NO;;V 






SAATTGCAACAATATTG 


5683 






CAATATTGTTGCAATTC 


5684 




\/let OverDroduction 
CGS 

Solanum tuberosum 


TTTCCTCCTAATTTCGTGAGGCAGCTAAGCAfTAAGGCTAGGAGG 

AATTGCAGCAATATrAGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 

TCTAACAACCAAGCCGGTCCTGAATTCACTC 


5685 


5 


GGC-AGC 


GAGTGAATrCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCIAATATTGCTGCAATTCCTCCTAGCCTTAA 

TRCTTAGCTGCCTCACGAAATTAGGAGGAAA 


5686 






GCAATATTAGCGTGGCT 


5687 






AGCCACGCTAATATTGC 


5688 




Mpt Overoroduction 
CGS 

Solanum tuberosum 


TTCCTCCTAATTTCGTGAGGCAGCTAAGCAT 1 AAGGCTAGGAUUA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 


5689 


10 


Gly77Asp 
G6C-GAC 


GGAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGC 

CACAACTTGAGCCACGTCAATATTGCTGCAATTCCTCCTAGCCTTA 

ATttCTTAGCTGCCTCACGAAATTAGGAGGAA 


5690 






CAATATTGACGTGGCTC 


5691 








5692 




iVlcl VJ Vcl \J\ UUUlrUVJI 1 

CGS 

Mesembryanthemum 
crystallinum 
Arg73His 
CGC-CAC 


CTTCCTCTCTTATCCTTCGCI 1 ICCTCCCAACi 1 IGIUCGICAGCI 
CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 
AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 


5693 


15 


<::Ar^TTRTTr;RArrAGGAGGCAGCGACGACCTGTGCGACACCAAT 
GTTGCTGCAGTTGTGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 


5694 




rsr^rrrf^rp ACAACTGCA 


5695 






TGCAGTTGIGGCGAGCC 


5696 




Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 


TCCTTCGCTTTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAtiU 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


20 


GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGTTGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 


5698 




CAACTGCAACAACATTG 


5699 






CAATGTTGTTGCAG7TG 


5700 
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Phenot^e, Gene, 
Plants Targeted 


, . . AHering Oligo$ , ' ^ 


SEQID 


Alteration 


^•"'"^ ^ <S%>^'.*^^% 


^^^^^^ 


Met OverDroduction 
CGS 

Mesembryanthemum 


AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 
GTCCAACAACTCCGATGCCGGCGCCACCTCTT 


0/Ul 


crystallinum 

GlySOSer 

GGT-AGT 


AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACIAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 


5702 




GCAACATTAGTGTCGCA 


5703 




TGCGACACTAATGTTGC 




ivicL s^vcipi uuucuun 
CGS 

Mesembryanthemum 


1 1 LrU 1 UUUAAU 1 1 1 bTUObTCAGCTCAGCACCAAGGCTCGCCGCA 

ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 

TCCAACAACTCCGATGCCGGCGCCACCTCTTG 


5705 


crystallinum 

GlySOAsp 

GGT-GAT 


CAAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAG 
CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 




CAACATTGATGTCGCAC 


5707 




GTGCGACATCAATGTTG 


0/ Uo 


ivici w vci |ji uuuuuun 
CGS 

Zea mays 


LrLr 1 U 1 <aU 1 AUUA 1 UU 1 UUUU 1 1 1 UUUUUAAAU 1 1 f GTCCGCCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 


5709 


Arg41His 
CGC-CAC 


GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 

TGTTGCTGCAGTTGCG6TGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 


5710 




CAAGGCACACCGCAACT 


5711 




AGTTGCGGTGTGCCTTG 


Of IZ 


Met OverDrodiictinn 
CGS 

Zea mays 


CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 
GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 


571 o 


Ser45Asn 
AGC-AAC 


GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTGFGCAGnGCGGCGTGCCTTGGTGCT 
AAGCTGGCGGACAAAGT7TGGCGGAAAGCGGAGGA 


6714 




CAACTGCAACAACATCG 


5715 




CGATGTTGTTGCAGTTG 


ATI ft 


Met Ox/pmrnrliirfinn 
CGS 

Zea mays 


1 1 1 u\u»ooUAAAU 1 1 1 V3 1 LrUoLrUAoLr I 1 AoUAULrAAooUALrOuOGC 

AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 
GTCCGACTGCCCCGCCGCTCGCCCCCACTTAG 


5717 


Gly48Ser 
GGC-AGC 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG 

CGACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGTGCC 

TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 


5718 




GCAACATCAGCGTCGCG 


5719 
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PhenoJype, Gene, 
fl3nt& Targeted 


Altering 01igo$ ' ]^ - 


SEQID 

■ HQl 








5720 




iviei Uvcrproououon i 
CGS / 
Zea mays ( 


TCCGCCAAACrn Gl CCGCCAGCTTAGCACCAAGGUAUUUUUU 

^CTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 

3TCCGACTGCCCCGCCGCTCGCCCCCACTTAGG 


5721 


5 


Gly48Asp I 
GGC-GAC ( 

( 


■^PTAAnmrinrir^mAnrr^r^rfifinfinARTCGGACCACGCGGCG 

3cgacgatctgcgcgacgicgatgttgctgcag7tgcggcgtgc 
:ttggtgctaagctggcggacaaagtttggcggaa 


5722 




/ 

\ 




5723 




V 


nCGCGACGTCGATGTTG 


5724 




Mpf n\/prnroriiJCtion ( 

TS < 
Arabidopsis thaliana 


3tatgaatgatctgtgggtgaaacactgtgggattagtcatacag 
3aagtttcaaggatcgtggaatgactgi 1 1 1 ggttagtcaagttaa 
rcgtctgagaaagatgaaacgacctgtggt 


5725 


10 


1 aii9n^Arn i 
LcUZUOAM y i 

CTT-CGT i 


IVCCACAGGTCGTTTCATCTTTCTCAGACGATTAACTTGACTAACCA 
^AACAGTCATTCCACGATCCTTGAAACTTCCTGTATGACTAATCCC 
<\CAGTGTTTCACCCACAGATCATTCATAC 


5726 






rAAGGATCGTGGAATGA 


5727 






rrATTCCACGATCCTTG 


5728 




Mpt nvprnrnrlijntion 
TS 

Solanum tubemsum 


GCATGACTGAI 1 1 G 1 GGG 1 CAAACACTGTGGGATTAGCCATAC 1 U 
GTAGTTTTAAGGATCGTGGGATGACTGl 1 1 1 GGTGAGTCAAGTTAA 
TCGCTTGCGGAAAATGCATAAACCGGTTGT 


5729 


15 


1 QfiArn 
LcU 1 \?OrM y 

CTT-CGT 


ACAACCGGTTTATGCATTTTCCGCAAGCGATTAACTTGACTCACCA 
AAACAGTCATCCCACGATCCTTAAAACTACCAGTATGGCTAATCCC 
ACAGTGTTTGACCCACAAATCAGTCATGC 


5730 






TAAGGATCGTGGGATGA 


5731 






TCATCCCACGATCCTTA 


5732 




Lvs OverDroduction 

DHPS 

Zea mays 


TCATTGGGCACACAGTGAAC 1 GC 1 1 1 GGC 1 CTAGAATCAAAGTC3A 
TAGGCAACACAGGAAACAACTCAACCAGAGAAGCCGTCCACGCA 
ACAGAACAGGGATTTGCTGTTGGCATGCATGC 


5733 


20 


Ser157Asn 
AGC-AAC 


GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 

TCTCTGGTTGAGTTGTTTCCTGTGTTGCCTATCACTTTGATTCTAG 

AGCCAAAGCAGTTCACTGTGTGCCCAATGA 


5734 






CACAGGAAACAACTCAA 


5735 






TTGAGTTGITTCCTGTG 


5736 




Lys Overproduction 

DHPS 

Zea mays 

Ala166Val 

GCA-GAA 


GCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACUA 
GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGTTGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 


5737 


25 


CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AAATCCCTGTTCTGTTICGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 


5738 
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Phenotype, Gene,' 




SEQID' 






Afteratfon 1^^^ 








CGTCCACGAAACAGAAC 


5739 




GTTCTGTTICGTGGACG 


5740 


Lys Overproduction 

Unro 

Zea mays 


GGCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACC 

A/^A/^A A/^/^r^/^T/^r^ AP APA A^^ Ar^A Ar^A/^O/^A 1 1 1 OOT/^TT/^O/^ AT 

AoAvjAAoL/Uo I UUALfAL/AAL/AoAAUAvjooA 1 1 I oU 1 1 1 ooUA 1 

GCATGCGGCTCTCCACATCAATCCTTACTACG 


5741 


Ala166Thr 


CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCAA 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 




CCGTCCACACAACAGAA 


5743 




TTCTGTTGIGTGGACGG 


5744 


Lys Overproduction 
Unrb 

Oryza sativa 


TTATTGGGCATACAGTTAACTGCTTTGGCACTAAAATTAAAGTGGT 

/^i^r^f^ A AO AO A A ATA AOTO A AO A AOOO A OOOT ATTO AOOO A AO 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 
TGAGCAGGGATTCGCTGTAGGTATGCACGC 


5745 


Ser124Asn 

A A A T 

Abl-AAT 


GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGTTGAGTTATTTCCTGTGTTGCCGACCACTTTAAI 1 1 lAGT 
GCCAAAGCAGTTAACTGTAT6CCCAATAA 


5746 




CACAGGAAATAACTCAA 


5747 




TTGAGTTAITTCCTGTG 


5748 


Lys Overproduction 

Unro 

Oryza sativa 


GGACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACAA 
oGoAbGL. 1 A 1 1 OAUuTAAO 1 oAbOAGGGA M C/GL.1 Gl AGGTATG 
CACGCGGCTCTCCACATCAATCCmCTACGG 


5749 


Ala133Val 

r^r^ A OTA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATAGCTACAGC 
GAATCCCTGCTCAGTTAGGTGAATAGCCTCCCTTGTTGAGTTACTT 
CCTGTGTTGCCGACCACTTrAA 1 1 1 1 AGTGC 


5750 




TATTCACGIAACTGAGC 


5751 




GCTCAGTTACGTGAATA 


5752 


Lys Overproduction 

Unro 

Oryza sativa 


GGCAGTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACA 
AGoGAGGO 1 A 1 1 LAuAUAAO 1 GAGOAGGGA 1 1 UGCrlGTAGGTAT 
GCACGCGGCTCTCCACATCAATCCTOCTACG 


5753 


Ala133Thr 

r^PA AOA 

ooA-ALrA 


CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 

A ATOOOTOOTO A OTTOTOTO A ATA OOOTOOOTTOTTO A 0"l "■ A O f "T r> 

AATCCCTGCTCAGTTGTGTGAATAGCCTCCCTTGTTGAGTTAGTTC 
CTGTGrrGCCGACCACTTTAATnTAGTGCC 


5754 




CTATTCACACAACTGAG 


5755 




CTCAGTTGIGTGAATAG 


5756 


Lys Overproduction 
DHPS1 

Trificum aesztivijm 


TCATCGGGCATACTGTTAACTGCTITGGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTTGCTGTTG6CATGCATGC 


5757 



Ser165Asn 
AGT-AAT 
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Plant & Targeted 




; NO: ^ 


- ' Alteratfon - ' 








TCTCTGGTTGAGTTATnCCCGTGTTGCCTATCACTTTAATGTTGG 
CTCCAAAGCAGTTAACAGTATGCCCGATGA 


5758 




CACGGGAAATAAO 1 UAA 


5759 




TTGAGTiATl lUUublo 


5760 


Lys Overproduction 
DHPSi 

Triticum aestivum 


n A rrr A A r ATT A A AHTf^ AT AC^nCAAnACGGGAAGTAACTCAACCA 

GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTTCATGTCAATCCTTACTACGG 


5761 


Ala174Vai 
GCG-GTG 


CCGTAGTAAvjoA 1 1 oAuA 1 oAAoAoLr I oOM i oi-rM i o v^mmomo u/a 

AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACTT 

CCCGTGTTGCCTATCACTTTAATGTTGGCTC 


5762 




TGTTCACGTGACAbAbU 


5763 




GCTCTGTCACGTGAAUA 


5764 

w 1 WT 


Lys Overproduction 
DHPS1 

Triticum aestivum 


rrAnrrAArATTAAAnTGATAGGCAACACGGGAAGTAACTCAACC 

AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 

GCATGCAGCTCTTCATGTCAATCCTTACTACG 


5765 


Ala174Thr 
GCG-ACG 


/^/^-r A A A/-N/^ A*r*rr> Ar* ATT* A A/^ Ar^r^TOPAT/^r^ATf^PPAAPAf^PAA 
CGTAGTAAGGATTbALA 1 bAAbAbu 1 bUA I vjUM I vjLrV-rMMLrMooMM 

ATCCCTGCTCTGTCGIGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTTAATGTTGGCTCC 






CTGTTCACACGACAGAb 


5767 




CTCTGTCbTbT bAAUAb 


5768 


Lys uverproQucuon 
DHPS2 

Triticum aestivum 


TP ATrnnnrArArTGTTAACTGC 1 1 IGGAACTAACAl lAAAblbAI 
AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATrTGCTGTTGGCATGCATGC 


5769 


Ser154Asn 
AGT-AAT 


r^r^A-rnn ATnnn A A P A PP A A ATPPPT^^PTPTPi A AQnGTRAATPGCI 
GCATGbA 1 bOOAAoAboAAA 1 UOo 1 i U I oMnooo i Kjnn i ooo i 

TCTCTAGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTAGl 
TCCAAAGCAGTTAACAGTGTGCCCGATGA 


5770 

r 




A/^/^/^/^ A A ATA APTPA A 

CACbbbAAA 1 AAU 1 t»AA 


6771 




TT/^A/^TT'AT 1 TPPPPX/^ 

TTGAGTTATI 1 UULrb 1 b 


5772 


Ly5 VJvci |JlUUUi.#UUII 

DHPS2 

Triticum aestivum 


GAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACTA 
GAGAAGCGATTCACGTTTCAGAGCAGGGATTTGCTGTTGGCATGC 
ATGCAGCTCTCCATGTCAATCCTTACTATGG 


5773 


Ala163Val 
GCT-GTT 


CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGC/ 
AATCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTTC 
CCGTGTTGCCTATCACntAATGTTAGTTG 


\ 5774 




GATTCACGITTCAGAGC 


5775 




GCTCTGAAACGTGAATC 


5776 
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5 



10 



15 



20 



25 



Ptienot^e, Geiie, 




SEOlDi 


^ Plant &Targeteti 
AlterBtion 






Lvs Overoroduction 
DHPS2 

Triticum aestivum 


AGAGAAGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTCCATGTCAATCCHACTATG 


bill 


Ala163Thr 
GCT-ACT 


CATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGAAGTGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 


5778 




CGATTCACACTTCAGAG 


5779 




CTCTRAARTRTriAATrf^ 


5780 


Lvs OverDroduction 
DHPS 

Coix lacryma-jobi 


flTnA'l 1 fAf'ittPATAPTfiTrjAAPTfSPTTTfif^PTPTArSAATTA A AnTr>A 
\j 1 \jr\ 1 1 OvJJOOM 1 rtO 1 V3 1 v3r\AL> 1 OO 1 1 1 OUU 1 \j 1 AoAA 1 1 /Vv\o 1 oA 

TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 
CAGAGCAGGGATTTGCTGTTGGCATGCATG 


5781 


Ser154Asn 
AGT-AAT 


CATGCATGCCAACAGCAAATCCCTGCTCTGTTGCGTGAACAGCTT 

CTCTGGTTGAGTTATTTCCTGTGTTGCCTATCACTTTAATTCTAGA 

GCCAAAGCAGTTCACAGTATGCCCAATGAG 


5782 




CACAGGAAATAACTCAA 


5783 






5784 


L Dvprnrndiirfinn 

DHPS 

Coix lacryma-jobi 


f?PTPTAr2AATTAA A/^T^^ATA/t:/^r^A Ar'Ar'Arr^A A/^XA A/^T/^A A/->/^ A 
V3Vw. 1 \j 1 mvjMM I 1 AAAo 1 oA 1 AvjVj^^AAL/AUALaoAAU 1 AAUl OAACCA 

GAGAAGCTGTTCACGTAACAGAGCAGGGATTTGCTGTTGGCATGC 
ATGCAGCTCTCCACATCAATCCTTACTATGG 


5785 


Ala163Val 
GCA-GTA 


CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACTTTAATTCTAGAGC 


5786 




TGTTCACGIAACAGAGC 


5787 




GCTOTRTTAPf^TftAAPA 


5788 


Lvs Overoroduntinn 
DHPS 

Coix lacr^a-jobi 


Rf?nTPTAf3AA 1 I AAAf2Tf2ATAr2rSPAAPAPA/^r^A Ar'TA Ar'xr'A Ar»r> 
uou 1 V/ 1 Mvjttrt 1 1 w\A\3 1 van 1 AooLrAAUAUAooAAo 1 AAU 1 UAAUo 

AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTCCACATCAATCCTTACTATG 


5789 


Ala163Thr 
GCA-ACA 


CATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGTTGTGT6AACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 


5790 




CTGTTCACACAACAGAG 


5791 




CTPTfiTTf?Tr5Tf?AAPAf5 


5792 


Lys Overproduction 
DHPS 

Nicotiana tabacum 


ICAI 1 GGTCACACAGTCAA 1 \ \ 1 fifiARfifiTPPATPAAAriTPAT 

CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 
CTGAACAGGGATTTGCTGTAGGTATGCATGC 




Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 

CCCTTGTGGAGTTGTTTCCAGTGTTCCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 




CACTGGAAACAACTCCA 


5795 
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Phenotype, Gene/ 
plant 5. Targeted ' 


AHenogOiigo$ /'f ' 


SEQID'^ 
NO: 




TfiRAfiTTRTTTCCAGTG 


5796 


1 vQ nvprnroduction 
DHPS 

Nicotiana tabacum 


GAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCACAA 
GGGAAGCAATCCATGTAACTGAACAGGGATTTGCTGTAGGTATGC 
ATGCAGCTCTTCACATTAATCCCTACTATGG 


5797 


Mid l*Tv? Vdl 

GCA-GTA 


rrATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 

MTCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 

CAGTGTTCCCGATGACTTTGATGGACCCTC 


5798 




AATrrATnTAACTRAAC 

r\r\ 1 1 OJjTVAVi* 1 Vj/w»v/ 


5799 




f^TTrAr^TTAPATRRATT 


5800 


1 vQ nx/prnrnriuntinn 
DHPS 

Nicotiana tabacum 


GGAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCAC 
AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 
GCATGCAGCTCTTCACATTAATCCCTACTATG 


5801 


Ala145Thr 
GCA-ACA 


PATArjTAriRRATTAATGTGAAGAGCTGCATGCATACCTACAGCAA 

ATCCCTGTTCAGTTGTATGGATTGCTTCCCTTGTGGAGTTGCTTCC 

AGTGTTCCCGATGACTTTGATGGACCCTCC 


5802 




rAATPPATArAAflTRAA 


5803 




TTPARTTRTATRnATTG 


5804 


DHPS 

/^abidopsis Vialiana 

Ser142Asn 

AGC-AAC 


TTATAGGCCATACCGTTAACIGI 1 1 1 GGCGGAAGCATCAAAGTCAT 
TGGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 
TGAACAAGGATTCGCGGTTGGAATGCATGC 


5805 


firATGCATTCCAACCGCGAATCCTTGTTCAGTCGCGTGGATTGCT 
TCTCTAGTCGAATTGITTCCAGTGTTTCCAATGACTTTGATGCTTC 
CGCCAAAACAGTTAACGGTATGGCCTATAA 


5806 




PArTnnAAACAATTCGA 


5807 




TPRAATTGTTTCCAGTG 


5808 


1 VQ Dv/pmrciriijction 
DHPS 

Arabidopsis ihaliana 

Ala151Val 

GCG-GTG 


GCGGAAGCATCAAAGTCATTGGAAACAGTGGAAGCAATTCGACTA 

GAGAAGCAATCCACGTGACTGAACAAGGATTCGCGGTTGGAATGC 

ATGCTGCTCTTCATATAAACCCTTAGTATGG 


5809 


rrATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCG 
AATCCTTGTTCAGTCACGTGGATrGCTTCTCTAGTCGAATTGCTTC 
CAGTGTTTCCAATGAGTTTGATGCTTCCGC 


5810 




AATCCACGIGACTGAAC 


5811 




GTTCAGTCACGTGGATT 


5812 


Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ala151Thr 

GCG-ACG 


GGCGGAAGCATCAAAGTCATTGGAAACAC 1 GGAAGCAATTCGACT 

AGAGAAGCAATCCACACGACTGAACAAGGATTCGCGGnGGAATG 

CATGCTGCTCTTCATATAAACCCTTACTATG 


5813 


CATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCGA 
ATCCTTGTTCAGTCGIGTGGATTGCTTCTCTAGTCGAATTGCTTCC 
AGTGTTTCCAATGACTTTGATGCTTCCGCC 


5814 
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Pbenotype, Gene, 
Plartl& Targeted 
Alteration 



Altering Oligos 



seqid; 
m 



CAATCCACACGACTGAA 



5815 



TTCAGTCGTGTGGATTG 



5816 



Lys Overproduction 
DHPS 

Glycine max 

Ser103Asn 

AGC-AAC 



TTAnGCTCATACAGTCAACTGTTTTGGTGGGAAAATTAAGGTTATT 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGTTTTGCTG1TGGAATGCATGC 



GCATGCATTCCAACAGCAAAACCCTGCTCAGTGGCATGAATTGCT 
TCCCTGGTGGAGTTGITTCCAGTATTTCCAATAACCTTAA7TTTCC 
CACCAAAACAGTTGACTGTATGAGCAATAA 



TACTGGAAACAACTCCA 



TGGAGTTGTTTCCAGTA 



5817 



5818 



5819 



5820 



Lys Overproduction 
DHPS 

Glycine max 
Ala112Vai 
GCC-GTC . 



GTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACCA 
GGGAAGCAATTCATGICACTGAGCAGGGTTTTGCTGTTGGAATGC 
ATGCTGCCCTTCACATAAACCCTTACTATGG 



CCATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCA 
AAACCCTGCTCAGTGACATGAATTGCTTCCCTGGTGGAGnGCTT 
CCAGTATTTCCAATAACCTTAATTrrCCCAC 



5822 



AATTCATGTCACTGAGC 



5823 



GCTCAGTGACATGAATT 



5824 



Lys Overproduction 
DHPS 

Glycine max 

Ala112Thr 

GCC-ACC 



GGTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACC 
AGGGAAGCAATTCATACCACTGAGCAGGGTTTTGCTGTTGGAATG 
CATGCTGCCCTTCACATAAACCCTTACTATG 



5825 



CATAGTAAGGGnTATGTGAAGGGCAGCATGCATTCCAACAGCAA 
AACCCTGCTCAGTGGIATGAATTGCTTCCCTGGTGGAGTTGCTTC 
CAGTATTTCCAATAACCTTAATTTTCCCACC . 



5826 



CAATTCATACCACTGAG 



5827 



CTCAGTGGIATGAATTG 

CTTGGAGGAGACAIAI I ICAGATCGTGCTGAGICAACGI 1 1 1 GAG 
CGGCGAACATiTGCAAACCCCTrTGAAGTTTATAGAGCACTAAGA 
GTTGTGAATCCAAGTCCGTATATGGGTTATT 



5828 



Trp Overproduction 

AS 

Arabidopsis thaliana 

Asp341Asn 

GAC-AAC 



5829 



AATAACCCATATACGGACTTGGATTCACAACTCTTAGTGCTCTATA 
AACTTCAAAGGGGTirGCAAATGITCGCCGGTGAAAAGGlTGACT 
CAGCACGATCTGAAATATGTCTCCTGCAAG 



5830 



CATTTGCAAACCCCTIT 



5831 



AAAGGGGTTTGCAAATG 



5832 



Trp Overproduction 
AS 

Nirnfiana tahfiriim 



GCTGCAGGAGACATA7TTCAAATCGTTTTAAGTCAACGGTTTGAGA 
GAAGAACATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 



5833 



25 



Asp326Asn 
GAC-AAC 
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Phenotype, Gene^ 
Plants Targeted 
Alteration 



Altering O!jgo$ 



SEQID 

my 



TGTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 
CACTTCAAATGGGTrAGCAAATGTTCTTCTCTCAAAGGGTTGACTT 
AAAACGATTTGAAATATGTCTCCTGCAGC 



CATTTGCTAACCCATTT 



AAATGGGTTAGCAAATG 



5834 



5835 



5836 



10 



15 



Trp Overproduction 
AS 

Oryza sativa 

Asp323Asn 

GAG-AAC 



Trp Overproduction 
AS 

Ruta graveolens 

Asp354Asn 

GAG-AAC 



CTAGCTGGTGACAI 1 1 1 1 CAAG TAGTCTTAAGCCAGCCj 1 1 1 IUAUA 
GGCGTACATrTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 

TTGTCAATCCTAGTCCTTATATGGCCTATC 



GATAGGCCATATAAGGACTAGGATTGACAATACGCAATGCACGGT 
ACACCTCAAAGGGGTIAGCAAATGTACGCCTCTCAAAACGCTGGC 
TTAAGACTACTTGAAAAATGTCACCAGCTAG 



CATrTGCTAACCCCTTT 



AAAGGGGTTAGCAAATG 



CTTGCTGGTGACATATTCCAGATCGTACTAAGTCAGCGTnTGAAA 
GGCGAACGTTCGCAAACGCATiTGAAATCTATAGATCACTGAGGA 
TTGTTAATCCAAGCCCATATATGACTTATr 



AATAAGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 
GATrrCAAATGGGTTTGeGAACGTTCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 



CGTTCGCAAACCCATtT 



AAATGGGTTTGCGAACG 



Trp Overproduction 
AS 

Catharanthus roseus 

Asp354Asn 

GAT-AAT 



CTGGCTGGGGACATATTCCAGCTTGTCCTAAGTCAGCGTTTTGAA 
CGGCGAACATTTGCAMTCCATTTGAAGTCTACCGAGCATTGAGA 

ATTGTCAACCCAAGTCCATATATGACTTATT 

AATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
GACTTCAAATGGATFGCAAATGTTCGCCGTTCAAAACGCTGACTT 
AGGACAAGGTGGAATATGTCCCCAGCCAG 



CATnGCAAATCCATTT 



AAATGGATTTGCAAATG 



5838 



5839 



5840 



5841 



5842 



5843 



5844 



5845 



5846 



5847 



5848 
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Example 10 
Production of modified starch In plants 

A principal aim of bioteclinology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
5 polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize Is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact, a highly complex mixture of various types of molecules 

1 0 which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-glycosidicaIly branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 

15 amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-l. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 

20 genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 

using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 20 

Genome-Altering Oliaos Conferring Increased Starch 





Pbenolype, Gene, 




SEQID 




Plants Targeted 
Alteration 


Aft^ringOHgos ' ' 


NO: 


5 








ncreased Starch 
ADPGPP 

Arabidopsis ihaliana 


GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 
ATTCTTGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 


5o49 


10 


Ala99Lys 

A AAA 

GCA-AAA 


CCCCGATAGGAACGGCAGGCTTGGCGCGGCGl 1 1 luTGAGAGGA 
A AO A oT-f^o AOTTr^rTTTTPr'APr^Tr'P AAr^AATAATftfiAAGCAACT 

RTrnTTGGATCCCTl 1 1 CTCAGTCTCAAGTTC 


5o5U 






GAGGTGGAAAAGGAACT 


5851 






AGTTCCTrrrCCACCTC 


5852 




Increased Starch 
ADPGPP 

Arabidopsis tiialiana 


CAAAACGCCGCGCCAAGCCTGCCGTTCCTATCGGGGGAGCCTAr 
AGGTfGATAGATGTACTAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCTACATACTCACACAATATAACTC 


5o5o 




Pro127Leu 
CCA-CTA 


GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 

T A A ^•TTr^r^Tn att A PTAP ATPTATPA APr^TATAfiRHTfinnnCIGAT 

AGGAACGGCAGGCTTGGCGCGGCGI 1 1 IG 


5854 






AGATGTACTAATGAGCA 


5855 






TGCTCATTAGTACATCT 


5856 




Increased Starch 
ADPGPP 

Arabidopsis thaliana 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAATCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5857 


20 


Gly162Asn 

/^OA A AX 

GfaA-AAl 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAAOA 1 AbUUA 

TOTPPAAAr^ppAAr^ATTATTrinAr^TTnTAAftnAnRGGCTAAATGC 

CTGTTCAATGATGCTGAGTTATATTGTGTGA 


CQCfi 

Oo5c5 






CTCCAATAAICTTGGCT 


5859 






AGCCAAGATTATTGGAG 


5860 




Increased Starch 
ADPGPP 

Arabidopsis Oialiana 

Gly162Asn 

GGA-AAC 


TCACACAATATAACTCAGCATCATTGAACAGGCAI 1 lAGCCCGIGC 
TTACAACTCCAATAACCTT6GCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5861 


25 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGOnATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5862 






CTCCAATAACCTTGGCT 


5863 






AGCCAAGGTTATTGGAG 


5864 
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25 







SEQID 


Piartta Targeted 
Alteration 


< f ' Altering OHgo$ , , 








Increased Starch 
ADPGPP 

Arabidopsis thaliana 


GTTTGAGAGAAGAAAGGTAGACCCGCAAAATGTGGCTGCAATCAT 

TnTARRAr;r?Af^f5PAAAf5r;Af2rTAAAr'TPTTPr'PTPTTAPAATr>AO 
1 o 1 MOOrtOOttooVjrtMMooAvjU 1 rv\n\j 1 1 1 L>L>L> 1 L> M AL»Af\ 1 uAo 

AGCCGCAACACCAGCTGTAAATATTCATCTT 


5865 


AsnlOOLys 
AAT-AAA 


AAGATGAATATTTACAGCTGGTGTTGCGGCTeTCATTGTAAGAGG 

A Ar^ A o 1 1 1 A rir^xof^T i i ^pptoot^^/^t a a ati^ ATxor* a r^r^r^ a r» 
oMMOMo I 1 I AlcjLt 1 L»Lr 1 1 1 oULr 1 LrU 1 LrU 1 AujAA 1 1 1 oL/Av3ut/AO 

AMI IGCGGGTCTACCTTTCnCTCTCAAAC 


5866 




GGAGGCAAAGGAGCTAA 


5867 




TTAGCTCCTTTGCCTCC 


5868 


Increased Starch 
AurfaPr 

Arabidopsis thaliana 


CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 
GCTGATCGATATCCTGATGAGTAACTGTATTAACAGCTGCATCAAC 

AAGATATTTGTGCTGACACAGTTCAACTC 


5869 


Pro128Leu 
CCG-CTG 


GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 

TAr^Al^TTAPTPATOAr^O ATAT/^/^ AT/^ A<^0/^X/^XAi^O AT/^/^ A /^/^ A A 

1 Mt^Ao 1 1 AO 1 L/A 1 L»A<jbA 1 A 1 UbA 1 OAbOO 1 b 1 AGUATCCACOAA 
CAGGAACCTAACATAATTTGAAGACACAAG 


5870 




CGATATCCIGATGAGTA 


5871 




TACTCATCAGGATATCG 


5872 


Increased Starch 
Arabidopsis thaliana 


TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 

TTA 1 1 1 1 /^/^r^AATAATATA A APTTT/^OA^^/^T/"»/^TTT^/^TA<^A/">OTA 

1 lAl I 1 lovaoAAIMAIAIAAAL/l 1 looAooIool 1 1 L>V3 1 AoAooTA 

CAAACACTATGACAATAATAACTCTCAGC 


5873 


Gly163Asn 
GGC-AAT 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 

r^TOOA A A/^l 1 1 ATATTATTO/^OA A A ATA A/^ 1 1 /^/^TO/^TA A 

0 1 UL.AAAU 1 1 1 A 1 A 1 1 A 1 1 UUoAAAA 1 AA(j 1 1 Utal CaCTAAATGICG 

ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5874 




TGGGAATAATATAAACT 


5875 




AGTTTATATIATTCCCA 


5876 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 

TTA 1 1 1 1 rtiriiniAATA APATA A APTTTOr^AO^^T/^/^TTT/^r^TAOAO^TA 

CAAACACTATGACAATAATAACTCTCAGC 


5877 


Gly163Asn 
GGC-AAC 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 

r'TOr* A A A^TTT ATf2TTATTr^<-'/^ A A A ATA A /^TT/^/^T/^/^T A A AT/^Tr>/^ 

LflVrfLrAAAol 1 lAISaiiAl 1 ULrUAAAA 1 AAo 1 lUuloUIAAAIulLu 

ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5878 




TGGGAATAACATAAACT 


5879 




AGl 1 lAlGITATTCCCA 


5880 


lncrpa<5prl Rtarnh 

ADPGPP 

Lycopersicon 


1 1 (-^Anr^ AAPAAPPAAPririPArj ATPPA A A Ar^r*Tr*TTr*opTr^Tr^Tr*A 

TTCTAGGTGGTGGTAAAGGAACTCGTCI 1 II 1 CCTCTTACAAGCA 
GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 


ooo1 


esculentum 

VaI94Lys 

GTT-AAA 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAAAGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCTTTTGGATCTGCCGTTGGTTGTTCCTCAA 


5882 




TGGTGGTAAAGGAACTC 


5883 



BNSDOCID: <WO_0ie2512A2J_> 
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Phenotype, Gene, 
Plant 5. Targeted 
Alteration 




SEQID 

.NO: 








GAGI 


TCCTTTACCACCA 


5884 




ncreased Starcti CAAG 
ADPGPP GGCT 
Lvcooersicon GGAA 


CAGAAGAGCTAAACCAGCTGTTCCTATICiCiTGGTTGTTACC 
AATTGATGTACAAATGAGTAACTGCATTAACAGTGGCATAC 
AATTTTCATCTTAACACAGTTCAATTC 


5885 


5 


esculentum GAAT 
Pro122Leu TGCA 
CCA-CAA AGG/^ 


TGAACTGTGTTAAGATGAAAATTTTCCGTATGCCACTGTTAA 
GTTACTCATTTGTACATCAATTAGCCGGTAACAACCACCAAT 
ACAGCTGGTTTAGCTCTTCTGCTTG 


5886 




TGAT 


GTACAAATGAGTA 


5887 




TACT 


CATTTGTACATCA 


5888 




ncreased Starch CAC^ 
ADPGPP TAAI 
Lvcopersicon TTAG 


.GTTCAATTCCTTTTCCCTCAATCGTCACCTTGCCCGCACGTA 
TTTGGAAATAATGTGGGI 1 1 1 GGAGATGGATTTGTGGAGGTT 
CTGCAACCCAGACTCCAGGGGATGC 


5889 


10 


esculentum GCA1 
Gly158Asn TCTC 
GGA-AAT GACC 


CCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
CAAAACCCACAIIATTTCCAAAATTATACGTGCGGGCAAGGT 
5ATTGAGGGAAAAGGAATTGAACTGTG 


5890 




TGG/ 


yAATAAIGTGGGTT 


5891 




AACC 


JCACATTATTTCCA 


5892 


15 


Increased Starch CAC/ 
ADPGPP TAAT 
Lvcooersicon TTAG 


\GTTCAATTCCI.1 1 1 CCCI CAATCGTCACCTTGCCCGCAUC5 1 A 
TTTGGAAATAACGTGGGTTTTGGAGATGGATTTGTGGAGGTT 
5CTGCAACCCAGACTCCAGGGGATGC 


5893 


esculentum GCA' 
Gly158Asn TCTC 
GGA-AAC GAC( 


rCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
JCAAAACCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
3ATTGAGGGAAAAGGAATTGAACTGTG 


5894 




TGGi 


(W^TAACGTGGGTT 


5895 




AAC( 


:CACGIIATTTCCA 


5896 


20 


Increased Starch ACG 
ADPGPP ACTy 
Cicer arietinum GAC 


TAGATTTGGAAAAAAGAGACCCAAGTACAGTTGTAGCAATTAl 

\GGTGGAGGTAAAGGAACTCGTCTCTTCCCTCTCACCAAGC 

GAGCCAAGCCTGCTGTTCCAATTGGAGG 


5897 




AlalOILys . CCTi 
GCT-AAA GAA 

GTA 


CCAATTGGAACAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GAGACGAGTTCCTTTACCTCCACCTAGTATAATTGCTACAACT 

:ttgggtctci mm ICCAAATCTACGT 


5898 




TGG 


AGGTAAAGGAACTC 


5899 




GAG 


TTCCTTTACCTCCA 


5900 
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Phenot^e, Gene, 
Plant & Targeted 
Alteration 


' ' , : • Altering oiigo$ '^^ ^ f \ 


SEQID 
NO* 




Increased Starch 

AUrorr 

Cicer arietinum 


CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
GGCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATACATTCTCACTCAATTTAATTC 


5901 


5 


Pro129Leu 
CCA-CTA 


GAATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 

AHTTAPTP ATT A r^TAPATPT ATP A /^OOT AT A A A r^nxr^o A att- 

GGAACAGCAGGCTTGGCTCGTCGCTTGG 


5902 






AGATGTACIAATGAGTA 


5903 






TACTCATTAGTACATCT 


5904 




Increased Starch 
ADPGPP 

Cicer arietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 

TAAHTnTr^f^TAPTA ATf^TP APTTTT^^A^ AT/^PPTAT/^TTr* A r»OTT 

CTTGCAGCAACTCAAACTCCAGGGGAGCA 


5905 


10 


C3ly165Asn 
GGA-AAT 


TGCTCCGCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
1 o 1 LruMMMAo 1 vjAL>A 1 1 Ao 1 Av^UAvjAo 1 1 A 1 AAoOACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


5906 






TGGTACTAATGTCACTT 


5907 






AAGTGACATTAGTACCA 


5908 




Increased Starch 
ADPGPP 
Cicer arietinum 


U lUAA III AATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 

1 tv\L> 1 Lr 1 OV3 1 MU 1 AAUV:i 1 OAo INI VjtaAbA 1 (3I3L. i A 1 CaTTGARpTT 

CTTGCAGCAACTCAAACTCCAGGGGAGCA 


5909 


15 


Gly165Asn 
GGA-AAC 


TGCTCCCCTGGAGTHGAGTTGCTGCAAGAACCTCAACATAGCCA 

TPTPPAA AAr!lTrSAP^ITTAOTAr*r> A/^A("»TTATA A/^/^Ar>^T/^^ A AT AT 

1 U 1 L.UAAW\(j 1 (jAUva 1 1 Ao 1 AUoAoAb 1 1 A 1 AAlaUAUCaTGCAATAT 

GCCTGTTGAGTGAGGCTGAATTAAATTGAG 


5910 






TGGTACTAACGTCACTT 


5911 






AAGTGACGTTAGTACCA 


5912 




Increased Starch 
ADPGPP 
Ipomoea batatas 


ATATTGGAGAGGCGTCGGGCAAACCCTAAGAATGTGGCTGCAATC 

ATAPTf^PPAn^^Pr^r^TA A Ar^rf^/^APAPAPPTATTr^r^r^T/^Tr^Aor^A at 
M 1 MO 1 ov-/or\oov-»oo 1 MMAoooAuAUAULr 1 A 1 1 UuU 1 U 1 uAUUAA 1 

CGAGCTGCAACCCCTGCTGTTCCACTTGGAG 


5913 


20 


AlaSALys 
GCA-AAA 


CTCCAAGTGGAACAGCAGGGGTTGCAGCTCGAHGGTGAGAGGG 

A ATAr3r5Tr^Tr2TPr'PTTTAPr'/^r*r'TOr'r> AOT Axr> ATT/^r> a r>/->r' A r> A 
rtrt 1 1 o 1 u 1 1 JJAL-LroL^O 1 VJoLrAo 1 A 1 oA 1 1 oOAoOCACA 

TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 


5914 






CAGGCGGTAAAGGGACA 


5915 






TGTCCCTTTACCGCCTG 


5916 




increase a oiarcn 
ADPGPP 
Ipomoea batatas 


(JUAA 1 UUAUCTGCAAGCCCTGCTGTTCCACTTGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCAACTGCATCAACAGCGGGGTTA 
ACAAGATCTTTGTGCTGACCCAGTTCAATTC 


5917 


25 


Pro122Leu 
CCA-CTA 


GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 

ATGCAG7TGCTCATTAGAATGTCGATCAACCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGTTGCAGCTCGATTGG 


5918 






CGACATTCTAATGAGCA 


5919 



BNSDOCID: <WO_0102612A2_L> 
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; Phenotypc^ Gene, 
; ' Plant & Targeted 
>i' Alterafion * - 


' Altering 6ligo$ - , - ' 






1 JOj 






TGCTCATTAGAATGTCG 


5920 




Increased Starch 
ADPGPP 
Ipomoea batatas 


TGACCCAGnCAATTCAGCTTCTCTTAACCGTCACATTrCCCGTAC 
CGTCTTTGGCAATAAIGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5921 


5 


Gly157Asn 
GGT-AAT 


GTTTCCCCnGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TC/TUOoAAoL/ 1 LrAUAl lA 1 1 ijOu/v\AvjAL/oo I muooommm i o i om 
CGGHAAGAGAAGCTGAATTGAACTGGGTCA 


5922 






TGGCAATAAIGTGAGCT 


5923 






AGCTCACATIATTGCCA 


5924 




Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAC 


TGACCCAGTTCAATTCAGCTTGTC7TAACCG 1 CACA 1 1 1 CCCG 1 AC 
CGTCTTTGGCAATAACGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5925 


10 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGAAGOTCAUol lAI 1 LjUL-AAAoAL^oo i ALioooWW i va i oa 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5926 






TGGCAATAACGTGAGCT 


5927 






AGCTCACGIIATTGCCA 


5928 




Increased Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 


CATTCCGGAGGAACI 1 1 GCGGATCCAAATGAGGTTGCTGCTeTTA 
TATTGGGTGGTGGCAAAGGGACTCAACI 1 1 1 1 CCTCTCACAAGCA 
CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 


5929 


15 


CCTCCAATAGGAACAGCAGGCGTGGCCCTTGTGCTTGTGAGAGG 
AAAAAGTTGAGTCCCIITGCCACCACCCAATATAACAGCAGCAAC 
CTCATTTGGATCCGCAAAGTTCCTCCGGAATG 


5930 






TGGTGGCAAAGGGACTC 


5931 






GAGTCCCmGCCACCA 


5932 




Increased Starch 
ADPGPP 
Oryza sativa 
Pro1.24Leu 
CCC-CTC 


CAAGCACAAGGGCCACGCCTGCTGTTCCTATTGGAGGATGCTA7/! 
GGCTTATCGATATCCICATGAGCAACTGTTTCAACAGTGGCATAA/! 
CAAGATATTCATAATGACTCAATTCAACTC 


k 5933 


20 


GAGTTGAATTGAGTCATTATGAATATCTTGTTTATGCCACTGTTGAy 
ACAGTTGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAAT/ 
GGAACAGCAGGCGTGGCCCHGTGCTTG 


\ 5934 






CGATATCCICATGAGCA 


5935 






TGCTCATGAGGATATCG 


5936 




Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAT 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 
GTACCTTGGTGGTAATATCAACTnACTGATGGTTCTGTTGAGGT/ 
TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


25 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACC/ 
TCAGTAAAGTTGATATTACCACCAAGGTACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 


k 5938 
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V Alterttts OHgos , ' ' - - i 


SECT ID ; 


Alteration 






NO: 




TGGTGGTAAIATCAACT 


5939 




AGTTGATATTACCACCA 


5940 


Increased Starch 
Oryza sativa 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTACi 

GTACCnGGTGGTAACATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5941 


Gly159Asn 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 

TCAGTAAAGTTGATGIIACCACCAAGGTACGTACGATGAATGTGA 

CGATTAAGAGATGCTGAGTTGAATTGAGTCA 


5942 




TGGTGGTAACATCAACT 


5943 




AGTTGATGTTACCACCA 


5944 


Increased Starch 
AuPGPP 
Triticum aestivum 


GTCCTTCAGGAGGATTAAGCGATCCGAACGAGGTTGCGGrrRTr 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5945 


ThrSOLys 

A r^r^ AAA 
ALL-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTPRTRARTriR 

GAAGAGCTGAGTCCCTTTGCCGCCGCCGAGTATGACGGCCGCAA 

CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 


5946 




CGGCGGCAAAGGGACTC 


5947 




GAGTCCCTTTGCCGCCG 


5948 


Increased Starch 
ADPGPP 
Triticum aestivum 


CGAGCACAAGGGCCACACCTGCTGTTCC i A 1 I GGAGGATGITAPA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATATTCGTCATGACCCAGTTCAACTC 


5949 


Pro108Leu 


GAGTTGAACTGGGTCATGACGAATATCTTGTTGATGCCAnTGTTG 
AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCTTGTGCTCG 


5950 




CGACATTCICATGAGCA 


5951 




TGCTCATGAGAATGTCG 


5952 


Increased Starch 

AuPGPP 

Triticum aestivum 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCCGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5953 


Gly143Asn 

C^C^h A AT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATAITCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5954 




CGGCGGGAATATCAATT 


5955 




AATTGATATICCCGCCG 


5956 


Increased Starch 
ADPGPP 
Triticum Rfisfivum 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCCGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5957 



Gly143Asn 
GGA-AAC 
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RFO ID' 

NO: ' 


AftenngOngo$ < 


'>&\ Atteratron, ~ 








GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5958 




CGGC6GGAACATCAATT 


5959 




AATTGATGTTCCCGCCG 


5960 


Increased Starch 
ADPGPP 
OTYiSi saft'va 


CCTCCCGAAAGAATTATGCTGATGCAAGCCACGI 1 ICTGCTGTCA 
TTTTGGGTGGAGGCAAAGGAGTTCAACTCTTTCCTCTGACAAGCA 
CAAGGGCTACCCCCGCTGTTCCTGTTGGAGG 


5961 


Thr95Lys 


CCTCCAACAGGAACAGCGGGGGTAGCCCTTGTGCTTGTCAGAGG 
AAAGAGTTGAACTCCrrrGCCTCCACCCAAAATGACAGCAGAAAC 
GTGGCTTGCATCAGCATAATTCTTTCGGGAGG 


5962 




TGGAGGCAAAGGAGTTC 


5963 




GAACTCCTTTGCCTCCA 


5964 


iriV/rcaocU Oldll/il 

ADPGPP 
O/yza saf/Va 


rAAttrArAAGGGGTACCCCCGCTGTTCCTGTTGGAGGATGTTACA 
GGCTTATTGACATCCTTATGAGCAATTGCTTCAATAGCGGAATAAA 
TAAAATATTTGTGATGACTCAGTTCAATTC 


5965 


Pro123Leu 
CCT-CTT 


GAATTGAACTGAGTCATCACAAATATnTATTTATTCCGCTATTGAA 

GCAATTGCTCATAAGGATGTCAATAAGCCTGTAACATCCTCCAACA 

GGAACAGCGGGGGTAGCCCTTGTGCTTG 


5966 




TGACATCCTTATGAGCA 


5967 




TGCTCATAAGGATGTCA 


5968 


Increased Starch 
ADPGPP 
0/yza sdXm 


TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 
ATACCTTGGTGGGAAIATCAACTTTACTGATGGGTCTGTGCAGGT 
ATTGGCTGCTACACAAATGCCTGACGAACC 


5969 


Gly158Asn 
GGG-AAT 


GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAAAGTTGATATTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 


5970 




TGGTGGGAATATCAACT 


5971 




AGTTGATATTCCCACCA 


5972 


Increased Starch 
ADPGPP 
Or^za sativa 


TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 

ATACCTTGGTGGGAACATCAACTTTACTGATGGGTCTGTGCAGGT 

ATTGGCTGCTACACAAATGCCTGACGAACC 


5973 


Gly158Asn 
GGG-AAC 


GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 
TCAGTAAAGTTGATGTTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 


5974 




TGGTGGGAACATCAACT 


5975 




AGTTGATGTTCCCACCA 


5976 
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, ; . Altering ORg0$ , 

^j-* jt '^S^''' < % 




Increased Starch 
ADPGPP 
Triticum aestivum 


1 1 v^uoUMOoMA 1 1 AUoLroUA 1 UUoAAUoAoCj 1 L/oLvjVjjCCGTC 

ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 
CACAAGGGCCACACCTGCTGTTCCTA1TGGAGG 


5977 


5 


Thr99Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTTGTGAGAGG 

GAAGAGCTGAGTCCCTTTGCCACCGCCGAGTATGACGGCCGCGA 

CCTCGTTCGGATCGGCGTAA7TCCTGCGGAAGG 


5978 






CGGTGGCAAAGGGACTC 


5979 








5980 




Increased Starch 
ADPGPP 
Tiiticum aestivum 


v^/wv3OAUMMovjoU0AUALrU 1 loll 1 A 11 oGAGbATGTTACA 
GGCTCATdRATATTPTPATnAr^PAAPTrsPTTnAATAr^TPPPATPA A 

CAAGATATTCGTCATGACGCAGTTCAACTC 


5981 


10 


Pro127Leu 
CCC-CTC 


GAGTTGAACTGCGTGATGACGAATATCTTGTTGATGCCACTATTGA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 

TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


5982 






CGATATTCICATGAGCA 


5983 






Tr^PTP ATri A A AT ATPP 
1 ULr 1 OA 1 oMoAA 1 A 1 


5984 




InrrpflQpH Rtarrh 
ADPGPP 
Triticum aestivum 


I laAUvsOAb 1 1 UAAU 1 OGbuoTCTCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5985 


15 


GIy162Asn 
GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGT(5AATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5986 






CGGCGGGAAIATCAATT 


5987 






AATTnATATTPPPr^PP/^ 


5988 




Increa^^pri Starch 
ADPGPP 
Triticum aestivum 


TriAPr^PArSTTPAAPTPPPPPTPTPTTA ATr*r>Tr» A/^ A i i / * a a — 1 

1 oAv^ooAO 1 1 LrAAO 1 Ut^f^UO 1 L/ 1 U 1 1 AA 1 UG 1 LAOATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5989 


20 


Gly162Asn 
GGA-AAC 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5990 






CGGCGGGAACATCAATT 


5991 






AATTfiATrXTTPPPr^PPr^ 


5992 




Increased Starch 
ADPGPP 
Zea mays 


UN 1 lUGGAGGAAl IAIGCTGATnrTAATf;AAnTPnPTr::PPr:;TPA 

Willi ww\«ijr>vjvjr^rA 1 1 1 Vi^v./ 1 yjf^ i 1 rVA 1 OAAO 1 wVJ3w 1 OwwO 1 V*#A 

TnTGGGTGGTGGTAAAGGGACTCAGCTTTTCCCTCTCACAAGCA 
CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 




25 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 

GAAAAGCTGAGTCCCmACCACCACCCAAAATGACGGCAGCGAC 

TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


6994 






TGGTGGTAAAGGGACTC 


5995 



BNSDCXJID: <WO 0192612A?_L> 



wo 01/92512 



-143- 



PCT/USOl/17672 



Phenofype, Gene, 
, Nattt & Targeted 


Altering Oligos , '~ 


SEQID 

<- NO;, 








5996 




Increased Starch 

ADPGPP 
Zea mays 


/^AAr^rArAAonnrPAPrPPTr^ru^l imAI I(4(^AGGATG1 lAUA 
GGCTTATTGATATCCICATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTTGTTATGACTCAGTTCAACTC 


5997 


Pro124Leu 
CCC-CTC 


fiAmTftAArTfiAGTCATAACAAATATCTTGTTTATGCCACTGTTGA 

AACAGTTGCTCATGAGGATATCAATAAGCCTGiTAACATCCTCCAAT 

AGGAACAGCAGGGGTGGCCCTTGTGCTTG 


5998 




TGATATPrTPATRAGCA 


5999 




Ti^PTrATf^AnGATATCA 

1 OL/ 1 O/A 1 OMVJOM I r\ I \ar\ 


6000 


iiioicciocu oidiwii 

ADPGPP 
Zea mays 
Gly159Asn • 
GGG-AAT 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAAIATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6001 


rirrTPPrr Ar?rirATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATATECCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6002 




TnriTr^rtiri A atatp A APT 

1 oo 1 OOOMM 1 r\ 1 OMMw 1 


6003 




A riTTf^ AT ATTP PP AP PA 
Mo 1 I Of \ 1 M 1 1 OV-zwrW^OM 


6004 


InrroacoH Qfarph 
illOicdocU OLctiuil 

ADPGPP 
Zea mays 

GGG-AAC 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAACATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6005 


nrrTrrrnAGRCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGAT6IICCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


6006 




TfiRTRRRAACATCAACT 


6007 




A nTTG ATfiTTPPP ACPA 


6008 


ADPGPP 

Solanum tuberosum 


CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAGTAGTAGCAAT 
CATTCTAGGAGGGGGAAAGGGAACTCGTCI 1 1 1 CCCCCTCACCAA 
ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 


GCG-AAG 


rTCCCATTGGAACGGCAGGCTTAGCACGACGTTrGGTGAGGGGG 
AAAAGACGAGTrCCCmCCCCCTCCTAGAATGATTGCTACTACTG 
TCCTTGCATCGCCCTTC 1 1 1 IGCCTCTCAAG 


6010 




GAGGGGGAAAGGGAACT 


6011 




AGTTCCCHrCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 


"CCAAACGTCGTGCTAAGCCTGCCGTTCCAATGGGAGGAGCATATA 
GGCTAA1TGATGTACIAATGAGCAACTGTATTAACAGT6GCATCAA 
CAAAGTATACATTCTCACTCAATTCAACTC. 


6013 


Pro86Leu 
CCA-CTA 


GAGTTGAATTGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCTTAGCACGACGTTTGG 


6014 
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Phenotype, Gene, 
. Plartt 5t Targeted 








SEQID 
NO; 


Alteration 






TGATGTACIAATGAGCA 


6015 




TGCTCATTAGTACATCA 


6016 


Increased Starch 
Solanum tuberosum 


CTCAATTCAACTCAGCCTCACTTAACAGGCATATAGCTCGTGCTTA 
nAArTTTRf^PAATAATriTrArATTPf^ARAfiTfifirTATrJTPRAfiRT 

\^fyfy\j 1 1 1 OVJOMrt 1 MM 1 O 1 1 1 \^\3r\\3f\\3 1 Uv3w 1 Ml 0 1 V/OMV3V3 1 

CTTAGCAGCAACTCAAACACCAGGTGAATT 


6017 


Gly122Asn 


AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

r^TPTP A A T^^TP A P A TT A TTr^ PP AAA ^^TTPT A A PP A PO A riPT AT AT 
U 1 Lr 1 UoAA 1 o 1 oAL/A 1 1 A 1 1 oUL/AAAo 1 1 o 1 AAouALroAoU 1 A 1 A 1 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


6018 




TGGCAATAATGTCACAT 


6019 




ATGTGACATTATTGCGA 


6020 


Increased Starch 
Solanum tuberosum 


CTCAATTCAACTCAGCCTCAGTTAACAGGCATATAGCTCGTGCTTA 

r'AAPTTTfirsr'AATAAPfSTPAr'ATTPrSAfSArSTrS^SPTATCTr^SAfifiT 
\^r\r\\j 1 1 1 VSUV-rMM 1 MML>U 1 L»ML»/\ i 1 \-»OMV3MO 1 UUO 1 M 1 V3 1 LrVSMUO 1 

CTTAGCAGCAACTCAAACACCAGGTGAATT 


6021 


Gly122Asn 


AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

PTPTPP A ATPTO APPTTATTPPO A A APTTPTA A/^O APP APPTATAT 

OILrlUoAAIol oAOoTIAI loLrUAAAol lol AAbUAOoAoUl AIAI 
GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 


6022 




TGGCAATAACGTCACAT 


6023 




ATGTGACGTTATTGCCA 


6024 


Increased Starch 
Befa vulgaris 


TATTTGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 

firTf^RRTf^fiTftrSTAAAfirSnSAPTPrSPPTPTTTPPTPTTAPTAfSPA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


6025 


A!a98Lys 

Ow 1 "r\r\M 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 

A A^Ar^PPPAOTPPP 1 1 1 APPAPPAPPPAPP APA ATTPPAPPOAPA 

AAoAooL/oAo 1 UULr J 1 1 AUUAUUAUUuAoLr AUAA 1 1 oLrAoULrAUA 


6026 




1 1 1 1 1 IGGGICAGCI 1 1 IGGAGATTCAAATA 






TGGTGGTAAAGGGACTC 


6027 




GAGTCCCTTEACCACCA 


6028 


Increased Starch 

MUr Or r 

Befa vulgaris 


lAI 1 IGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 
r^pT^r^nTrir^Tr^r^TAArr^r^r^APTPr^ppTPTTTPPTPTTApTAr^rA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


6029 


Ala98Lys 

Ow 1 'r\r\\j 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 

A A A ^I^P/^ A ^TPP P TT A PP A PP A PPP A PP A P A ATT^P A r^PP A P 
AAoAooLrOAo 1 LrUUo 1 1 AUUAUUAUUL* AoUAL/AA 1 1 oLrAov/UAU 

Al 1 1 1 1 IGGGICAGCI 1 1 IGGAGATTCAAATA 


6030 




TGGTGGTAACGGGACTC 


6031 




GAGTCCCGTTACCACCA 


6032 


Increased Starch 
ADPGPP 
fififa milpam 


CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTOC 
AGGCTGATTGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
AGAAAGAnTTCATTCnACCCAGTTCAATTC 


6033 



Pro126Leu 
CCT-CTT 
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Plants Targeted 


. AHering Oligo^ ; ' 


y 
i- 

cc/viri 


Alteration , 






GAATTGAACTGGGTAAbAA 1 bAAAA I L> l I l o i M/\ i vjuoal. \ on 
TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCnAGCTCTCCTGCTAG 


6034 




TGATGTGCTrATGAGCA 


6035 




T.^^*T*^ATrA »rf^/^A/^AT^A 

TGCTCATAAGCACATCA 


6036 


Increased Starch 
ADPGPP 
Befa vulgaris 
Gly162Asn 
GGT-AAT 


rrpAriTTr AATTrnTTTTfY4(M 1 AA 1 CGTCATC 1 1 GC 1 CGAACCTA 

TAATTTTGGAGATAATGTGAATTTTGGGGATGGCTTTGTGGAGGTT 

TTTGCTGCTACACAAACACCTGGAGAATC 


6037 


GATTCTCCAGGTGTTTGTo T AbCAoUAA/W\oL» i L.UML»/WAa»-»UA 
TCCCCAAAAnCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6038 




TGGAGATAATGTGAATT 


6039 




AATTCACATTATCTCCA 


6040 


incr6dseo oiarcn 
ADPGPP 
Befa vulgaris 
Gly162Asn 
GGT-AAC 


rrrAGTTCAATTCGTmCGCTTAATCGTCATCTTGCTCGAACCTA 
TAATTTTGGAGATAACGTGAAI 1 1 1 GGGGATGGCTTTGTGGAGGT 
TTTTGCTGCTACACAAACACCTGGAGAATC 


6041 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACGTTATCTCCAAAATTATAGG1TCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6042 




TGGAGATAACGTGAATT 


6043 




AATTCACGTTATCTCCA 


6044 



* ... ^ 

wo 01/92512 PCT/USOl/17672 

-146- 



Table21 

Oligonucleotides to produce plants with waxy starch 



25 



Phenotype, Gene, 
Pidht & Tdrdeted 


^ ' : . i 


SEQ ID 


Alteration 




Waxy starch 
GBSS 

Arabidopsis thaliana 


GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 
TTCTAACTTTGTRTGAAnAArTTrArTTTTPAArAATrATf^rXTf^r^TT 

1 1 V./ 1 rxrvw i i i w i i vjrvAwrArAV^ i i wr\0 MM OrV\wr\r\ 1 \jr\ 1 \J\D 1 Ov/ 1 1 

CTTCATGCTCTGATGTCGCTCAGATTAC 


6045 


Serl2Term 
TCA-TGA 


GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTTGA 
AAAGTGAAGTTmTCAfiArAAAfiTTAftAAftAAftr'AftTr'Ar'Ar2TTr3P 

CAnATGAACTACCCGTTTACCTGGATTC 


6046 




CTTTGTGTGAAGAACTT 


6047 




AAGTTCTTCACACAAAG 


6048 


Waxy starch 
GBSS 

Arabidopsis thaliana 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 

CTAAnTTTRTfiTPATr;AAPTTPAnTTTPAAPAATOATr;f2Tr2PTTPT 

TCATGCTCTGATGTCGCTCAGATTACCT 


6049 


Arg13Term 
AGA-TGA 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTT 

R A A A AHTr^ A A HTTP ATr^ A P A P A A A r^TT A A A rtS A A A rSTP A P A nTT 

GCCATTATGAACTACCCGTTTACCTGGAT 


6050 




TTGTGTCAIGAACTTCA 


6051 




TGAAGTTCATGACACAA 


6052 


Waxy starch 
GBSS 

Arabidopsis thaliana 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 

TGTGTPAARAAPTrriAPTTTTPAAPAATPATfi/^Tft/'^TTr'TTr'ATr'PT 

CTGATGTCGCTCAGATTACCTTAAAAGG 


6053 


Ser15Term 
TCA-TGA 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 

GATTRTTGAAAARTrAAr;TTPTTfiAPAOAAAf^TTA«^AAr^AAr2PAr2T 
CACAGTTGCCATTATGAACTACCCGTTTA 


6054 




AAGAACTTGACTTTTCA 


6055 




TGAAAAGT£AAGTTCTT 


6056 


Waxy starch 
GBSS 

Ai^bidopsis ttialiana 


TGACTGCTTCTTCTAACTTTGTGTCAAGAACTTCACTTrTCAACAAT 
CATGGTGCTTCTTGATGCTCTGATGTCGCTCAGATTACCnTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


Ser24Temi 
TCA-TGA 


CTTAACCCACAATGAGTCAAGGATTGGCCTTrTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGAAGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 


6058 




TGCTTCTTGATGCTCTG 


6059 




CAGAGCATCAAGAAGCA 


6060 



BNSOOCID: <WO 018251 gA2 I > 
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Phenotype, Gene, • 
>lant& Targeted 

ft k4<Ai*44ftAti ■ . 

Aiieraiion&.i;5;.. 


- ; '\' AtteringOiigos ' / :fv 


SEQID 










i/Vaxy starch T< 
GBSS G 
Arabidopsis thaliana A 


GCTTCTTCTAACTITGTGTCAAGAACTTCACTTTTCAACAATCATG 
TGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
TCCTTGACTCATTGTGGGTTAAGGTCA 


6061 


5 


Cys25Term T 
TGC-TGA T 

A 


GACCTTAACCCACAATGAGTCAAGGATTGGCCI 1 1 iaaGGTAATC 

GAGCGACATCAGAICATGAAGAAGCACCATGATTGTTGAAAAGTG 

AGnCTTGACACAAAGTTAGAAGAAGCA 


6062 




T 


CTTCATGATCTGATGT 


6063 




A 


CATCAGAICATGAAGA 


6064 




Waxy starch G 
GBSS T 
Antirrhinum maps A 


ITAACAGCTTCACAGTTGGTGTCACATGTCCATGGTGGAGCAACG 
CTTCACCGGATACTTAAACAAACTTGGCCCAGGTTGGCCTCAGG 
ACCAGCAATTCACTCACAATGGGTTGAGAT 


6065 


10 


Lys24Term A 
AAA-TAA G 

G 


TCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGAGGCCAACCT 
5GGCCAAGTTTGTTTAAGTATCCGGTGAAGACGTTGCTCCACCAT 
5GACATGTGACACCAACTGTGAAGCTGTTAC 


6066 




C 


)GGATACTIAAACAAAC 


6067 




C 


STTTGTTTAAGTATCCG 


6068 




Waxy starch C 
GBSS / 
Antinrhinum majus 1 


JACAGTTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGG 
^ACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 
CACTCACAATGGGTTGAGATCAATAAACAT 


6069 


15 


Leu27Term / 
TTG-TAG C 

C 


^TGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGA 
5GCCAACCTGGGCCTAGTTTGI 1 1 lAGTATCCGGTGAAGACGTTG 
DTCCACCATGGACATGTGACACCAACTGTG 


6070 






\ACAAACTAGGCCCAGG 


6071 




( 


XTGGGCCIAGTTTGTT 


6072 




Waxy starch 1 
GBSS > 
AnVnhinum maps ( 


rtggtgtcacatgtccatggtggagcaacgtcttcaccggatact 
\aaacaaacttggcciaggttggcctcaggaaccagcaatrcact 
:acaatgggttgagatcaataaacatggttg 


6073 


20 


Gln29Term ( 
CAG-TAG ( 

( 


:aaccatgtttattgatctcaacccattgtgagtgaattgctggtt 

DCTGAGGCCAACCTAGGCCAAGTTTGI 1 1 i agtatccggtgaaga 

dgttgctccaccatggacatgtgacaccaa 


6074 






^cttggcciaggttggc 


.6075 




( 


gccaacctaggccaagt 


6076 




Waxy starch 
GBSS 

Antirrhinum majus 


ggtggagcaacgtcttcaccggatactaaaacaaacttggcccag 
gttggcctcaggaaciagcaattcactcacaatgggttgagatcaa 
taaacatggttgataagcttcaaatgagga 


6077 


25 


Gln35Term 
CAG-TAG 


tcctcatttgaagcttatcaaccatgtttattgatctcaacccattg 
tgagtgaattgctagttcctgaggccaacctgggccaagtttgtt 
ttagtatccggtgaagacgttgctccacc 


6078 
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Pheno^e, Gene,, 
Plant & Tar<3eted 
Alteration 


, Altering Oligo$ ^ 


SEQIDA 










6079 




GAATTGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

Antirrhinum majus 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATAA 

ACATGGTTGATAAGCTTCAAATGAGGAACA 


6081 


Gln36Term 
CM-TAA 


TGTTCCICAI 1 IGAAGCI lAICAACUAIGI 1 lAI IGAICICAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 


6082 




Gill lAGTATCCGGTGAAGACGTTGCTCC 






GGAACCAGIAATTCACT 


6083 




AGTGAATTACTGGTTCC 


6084 


Waxy starch 
GBSS 

Ipomoea batatas 


GTGATGGCGACTATMCTGCCTCACACTTTGTTTCTCATGTCTGTG 
GGGGTGCCACTTCTTGAGAATCAAAAGTGGGGTTGGGTCAATTAG 
CCCTGAGGAGCCAAGCTGTGACTCACAATG 


6085 


Gly20Term 
GGA-TGA 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCACI 1 1 IGATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGCAGTTATAGTCGCCATCAC 


6086 




CCACTTCTTGAGAATCA 


6087 




TGATTCTCAAGAAGTGG 


6088 


Waxy starch 
GBSS 

Ipomoea batatas 


ATGGCGACIAIAACIGCCICACACI 1 IGI 1 ICIGAIGICIGIGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 


6089 


Glu21Terni 
GAA-TAA 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACI 1 1 IGATTATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 


6090 




CTTCTGGAIAATCAAAA 


6091 




Mil GATTATCCAGAAG 


6092 


Waxy starch 
GBSS 

Ipomoea batatas 


CGACTATAACTGCCTCACACmGTTTCTCATGTCTGTGGGGGTGC 

CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 

GAGCCAAGCTGTGACTCACAATGGGTTGAG 


6093 


Ser22Term 
TCA-TGA 


CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGA 
CCCAACCC.CACI 1 1 1 CATTCTCCAGAAGTGGCACCCCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 


6094 




TGGAGAATGAAAAGTGG 


6095 




CCACI IIICATTCTCCA 


6096 
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Phenotype, Gene, 
Plant* Targeted 
Alteration - 




t ' ' ' ' I Altering OJigo^t 


, < 


SEO ID 


Waxy starch 
GBSS 

Ipomoea batatas 

Lys23Term 

AAA-TAA 


ACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CTTCTGGAGAATCATAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 
GCCAAGCTGTGACTCACAATGGGTTGAGAC 


6097 


GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATT 

GACCCAACCCCACTTATGATTCTCCAGAAGTGGCACCCCCACAGA 

CATGAGAAACAAAGTGTGAGGCAGTTATAGT 


6098 


GAGAATCAIAAGTGGGG 


6099 


CCCCACTTATGATTCTC 


6100 


Waxy starch 
GBSS 

Ipomoea batatas 

Leu26Term 

TTG-TAG 


CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 
GACTCACAATGGGTTGAGACCTGTGAAGAA 


6101 


TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 

GGGCTAATTGACCCIACCCCACTTTTGATTCTCCAGAAGTGGCAC 

CCCCACAGACATGAGAAACAAAGTGTGAGG 


6102 


AGTGGGGTAGGGTCAAT 


6103 


ATTGACCCIACCCCACT 


6104 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

TyrSTerm 

TAT-TAG . 


CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 

GGTGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAATTC 

CCAGGGAAGAACAGAAGGCAAAGTGAATTCA 


6105 


TGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGAAGCACGCG 

CTTCTCGACACCACCTAAGACCCGGTCACCGTTGCCATTCTGTGA 

GAGAGCAGTAAGGAGCAACAATCGCCGATG 


6106 


GGGTCTTAGGTGGTGTC 


6107 


GACACCACCTAAGACCC 


6108 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Ser1 ITerm 

TCG-TAG 


ATTGTTGCTCCTTACTGGTCTCTCACAGAATGGCAACGGTGACGG 

GGTCTTATGTGGTGTAGAGAAGCGCGTGCTTCAATTCCCAGGGAA 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 


6109 


TTCTGAGGTGAATTCACTTTGGCTTCTGTrCTTCCCTGGGAATTGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 


6110 


TGTGGTGTAGAGAAGCG 


6111 


CGCTrCTCIACACCACA 


6112 
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. Phenotype, Gene, 
Plant & Targeted 




SEQ1D 


Altering Oligo^ , . 




\ Alteration 




Waxy starch 
Astragalus 


TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
ACAGAAGCCAAAGTGAATTCACCTCAGAAGA 


6113 


membranaeus 

Argi/ierrn 

AGA-TGA 


TCTTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATT 
CATTCTGTGAGAGAGCAGTAAGGAGCAACA 


6114 




TGGTGTCGIGAAGCGCG 


6115 




CGCGCTTCACGACACCA 


6116 


Waxy starch 

GBSS 
Astragalus 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCTTATGTGGT 

PTPP A P A A P PP P r^T(^ A TTP A ATTPPP A nrtir^ A A(^ A AP A A Af^PP A A 

AGTGAATTCACCTCAGAAGATAAATCTCAAT 


6117 


membranaeus 
uys 10 1 erm 
TGC-TGA 


ATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTC 

nnTnnn a attp a atp APPPPPTTPTPri ap appapATA ARAPPPHR 

TCACCGTTGCCATTCTGTGAGAGAGCAGT 


6118 




AGCGCGTGATTCAATTC 


6119 




GAATTGAAICACGCGCT 


6120 


Waxy starch 

GBSS 

Asfraga/i/s 


CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 

r^TT A A TT/^ T A P P P A A P A A P A P A A Pi P P A A A riT(^ A ATT P A 
Uwo 1 oU I 1 OAA I 1 UL» I AoUoAAV5AAL»AvjAAvjOL»MMAo I \3r\f\ 1 I 

CCTCAGAAGATAAATCTCAATAGCCAAGCAT 


6121 


membranaeus 
Cjim y 1 erm 
CAG-TAG 


ATGCTTGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 

Tr^TPTTOTTPPPT A PP A ATTP A APP APPPPPTTPTPP APAPPAP AT 

AAGACCCCGTCACCGTTGCCATTCTGTG 


6122 




TCAATTCCTAGGGAAGA 


6123 




TCTTCCCTAGGAATTGA 


6124 


Waxy starch 

QiDbo 

Solanum tuberosum 


TGTAGCTTGGTAGATTCCCCrmTGTAGACCACACATCACATGGC 

A A PP ATP A P A PPTTn A P A PP APTTTPTPTP A A PA Ar^PP A A APTTP A 

CTAGACACCAAATCAACCTTGTCACAGAT 


6125 


Ser7Term 

1 U A- 1 oA 


ATCTGTGACAAGGTTGATTTGGTGTCTAGTGAAGTTTGGCTTCTTG 
TCTACAAAAAGGGGAATCTACCAAGCTACA 


6126 




CACAGCTTfiACACCACT 


6127 




AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 


TCCCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCnGTCACAGATAGGACTCAGGAACCA 


6129 


Ser12Term 
TCA-TGA 


TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
. CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 



fl1»9'i12A2 I > 
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Phenotype; Gene, 
Pl3itt& Targeted - 
p.. . ^ Afterjatioa.: : 


. <y''/ Altering Oi5go$ / 






CTTTGTGTGAAGAAGCC 


6131 




GGCTTCTTCACACAAAG 


6132 


Waxy starch 
GBSS 

Solanum tuberosum 


CCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
ACCACTrTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 


6133 


Arg13Term 
AGA-TGA 


TATGGTTCCTGAGTCCTATCTGTGACAAGGTTGAl 1 IGGTGTCTAG 
TGAAGTTrGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 

GCCATGTGATGTGTGGTCTACAAAAAGGG 


6134 




TTGTGTCAIGAAGCCAA 


6135 




TTGGCTTCATGACACAA 


6136 


Waxy starch 
GBSS 

Solanum tuberosum 


TTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

TTGTGTCAAGAAGCTAAACTTCACTAGACACCAAATCAACCTTGTC 

ACAGATAGGACTCAGGAACCATACTCTGA 


6137 


GlnlSTerm 
CAA-TAA 


TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGAi iiuui 

GTCTAGTGAAGTTTAGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 

ATGCTTGCCATGTGATGTGTGGTCTACAA 


6138 




CAAGAAGCIAAACTTCA 


6139 




TGAAGTTTAGCTTCTTG 


6140 


Waxy starch 
GBSS 

Solanum tuberosum 


CCACACATCACATGGCAAGCATCACAGCTTCACACCAC 1 1 1 U 1 G 1 C 
AAGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
GGACTCAGGAACCATAGTCTGACTCACAA 


6141 


Ser17Term 
TOA-TGA 


TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTG 
ATTTGGTGTCTAGTCAAGTTTGGCTTCTTGACACAAAGTGGTGTGA 
AGCTGTGATGCTTGCCATGTGATGTGTGG 


6142 




CCAAACTTGACTAGACA 


6143 




TGTCTAGTCAAGTTTGG 


6144 


Waxy starch 
GBSS 

Pisum sativum 


GTCGATCACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAA 
TGGCAACAATAACGIGATCTTCAATGCCGACGAGAACCGCGTGCT 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 


6145 


GIy6Term 
GGA-TGA 


TAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGGTTCTCGT 
CGGCATTGAAGATCACGTTATTGTTGCCAI 1 1 1 1 GTGTCAAAATCT 
GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 




CAATAACGIGATCTTCA 


6147 




TGAAGATCACGTTATTG 


6148 
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Phenotype, GenSr 
Plant* Targeted 
AlteratioiB: ^ : 




SEQID 




NO; 




Waxy starch 
GBSS 

Pisum sativum 


A OT"/^T"T'/^TO~r/^ A /^/^O/^/^O A A A ^ A ^ A"l '1 'i 1 A/^A/^AAAA ATO/^O A A ^ 

ACTCTTCTCTCACCGCCGAAACAGA 1 1 1 1 GACACAAAAATGGCAAC 
AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATTA 
CCAAGGAAGATCAGCAGAGTCTAAACTGAA 


6149 


SerSTerm 
TCA-TGA 


TTCAGnTAGACTCTGCTGATCTTCCnGGTAATTGAAGCACGCGG 
TTCTCGTCGGCATTCAAGATCCCGTTATTGTTGCCATn 1 IGTGTC 
AAAATCTGTTTCGGCGGTGAGAGAAGAGT 


6150 




GGGATCTTGAATGCCGA 


6151 






0 loz 


Waxy starch 
GBSS 

Pisum sativum 


A A A A A A "1 ' I "1 1 A A A AAA A"r^/^/>A A^A ATA A /^/^/^^N AT 

ACCGCCGAAACAGAl 1 1 1 GACACAAAAATGGCAACAATAACGGGAT 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATOCCAAGGAAGAT 

CAGCAGAGTCTAAACTGAATTTGCCTCAGA 


6153 


Arg12Term 
AGA-TGA 


TCTGAGGCAAATrCAGTTTAGACTCTGCTGATCTTCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
CAI 1 1 1 IGTGTCAAAATCTGTnCGGCGGT 


6154 




TGCCGACGIGAACCGCG 


6155 






0100 


Waxy starch 
GBSS 

Pisum sativum 


A ^\ A "I'TTT ^> A ^% A ^% A AAA A"f"/^^^A^A A A ATA A ^/^/^/"^ A 1 ^A ATrf^/^^^/^ 

AGAI 1 1 IGACACAAAAATGGCAACAATAACGGGATCTTCAATGCCG 
ACGAGAACCGCGTGATTCAATTACCAAGGAAGATCAGCAGAGTCT 
AAACTGAATTTGCCTCAGATACACTTCAAT 


6157 


Cys15Term 
TGC-TGA 


ATTGAAGTGTATCTGAGGCAAATrCAGTTTAGACTCTGCTGATCTT 
CCnGGTAATTGAATCACGCGGTTCTCGTCGGCATTGAAGATCCC 
GTTATTGTTGCCATnTTGTGTCAAAATCT 


6158 




ACCGCGTGATTCAATTA 


6159 




1 AA 1 1 UAAJ_UAUoUoo 1 


DiDu 


Waxy starch 
GBSS 

Pisum sativum 


A A A A A AT^/^^ A A/^A ATA A /^^/^/^ A T/>'l 1 A AT/>/^/>/^ A A A A 

CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 

CGCGTGCTTCAATTAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 

TTGCCTCAGATACACTTCAATAACAACCAA 


6161 


Tyr18Term 
TAC-TAG 


TTGGTTGTTATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTG 
CTGATCnCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 
AGATCCCGnATTGTTGCCATTTTTGTG 


6162 




TTCAATTAGCAAGGAAG 


6163 




L» 1 I L»U 1 1 VjU I AA 1 1 oAA 


D IDH- 


Waxy starch 
GBSS 

Manihot esculents 


TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATT 

TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTAA 

GGCTAATAATTTGTCTCACACTGGACCCTG 


6165 


Ser14Term 
TCA-TGA 


CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTAATGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 


6166 



BNSDOCID: <WO 0192S12A2J_> 



wo 01/92512 



-153- 



PCT/USOl/17672 



Phenotype, faBtie; 
" Plant ^ Targeted 
AlteratroB . - 


y i ' f':J'- Alteriiigpiigo$'i ' "'^--w , ' \ 


SEQ ID 

NOi , 




CAGGAGCTGACACTTGA 


6167 




TCAAGTGTCAGCTCCTG 


6168 


Waxy starch 
GBSS 

Manihot esculenta 


CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCATTAGAGACTAAGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 


6169 


Leu16Term 
TTG-TAG 


TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTA 

ATGCATGGATGCTCTAGTGTGAGCTCCT6GAAACGAAATGTGCAG 

CTATTACAGTTGCCATGGTGCTCTCTCCGG 


6170 




CTCACACTAGAGCATCC 


6171 




GGATGCTCTAGTGTGAG 


6172 


Waxy starch 
GBSS 

Manihot esculenta 


TGGCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTT 
GAGCATCCATGCATGAGAGACTAAGGCTAATAATTTGTCTCACACT 
GGACCCTGGACCCAAACTATCACTCCCAA 


6173 


Leu21Term 
TTA-TGA 


TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAATTA 

TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTGG 

AAACGAAATGTGCAGCTATTACAGTTGCCA 


6174 




CCATGCATGAGAGACTA 


6175 




TAGTCTCTCATGCATGG 


6176 


Waxy starch 
GBSS 

Manihot esculenta 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTATAGACTAAGGCTAATAATTTGTCTCACACTGG 

ACCCTGGACCCAAACTATCACTCCCAATG 


6177 


Glu22Term 
GAG-TAG 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 
GGAAACGAAATGTGCAGCTATTACAGTTGC 


6178 




ATGCATTAIAGACTAAG 


6179 




CTTAGTCTATAATGCAT 


6180 


Waxy starch 
GBSS 

Manihot esculenta 


GTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATCC 
ATGCATTAGAGACTTAGGCTAATAATTTGTCTCACACTGGACCCTG 
GACCCAAACTATCACTCCCAATGGTTTAA 


6181 


Lys24Term 
AAG-TAG 


TTAAACCATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAG 
ACAAATTATTAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTGA 
GCTCCTGGAAACGAAATGTGCAGCTATTAC 


6182 




TAGAGACTIAGGCTAAT 


6183 




ATTAGCCTAAGTCTCTA 


6184 



wo 01/92512 



-154- 



PCT/USOl/17672 





Phenotype, Gene, • 
Plant & Targeted ' 
Alteration 


Aitejlag.OBso$ 


sEom 1 




/Vaxy starch AC/ 
3BSS CAl 
Phaseolus vulgaris GTC 


lACTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATbOj 
"CGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
3AAATCTTCGGGTCAGATGAGCCTGAACCG 


01 00 1 


5 


Ser12Term CG( 
rCA-TGA TCC 

CC/ 


3TTCAGGCTCATCTGACCCGAAGATTTCACTTT 1 G iClCTGTAC 
lACGCGCCTTTTCACGCCACGCACGATGCCATCGATACCGTTG 
\TGCTrATACCGGTGACGGAGGAGTTGT 


; 6186 

1 




CG- 


FGGCGTGAAAAGGCG 


6187 1 




CGi 


XIII ICACGCCACG 


U i OU 1 




Waxy starch CA( 
GBSS GT( 
Phaseolus vulgaris TO 


XGGTATAAGCATGGCAACGGTATCGATGGCATCCaTCBCb 1 bbi 

:aaaaggcgcgtgaagtacagagaca/\aagtgaaatcttcggc 
\gatgagcctgaaccgtcatgaattgaaa 


aA OA 1 


10 


Trp16Tenn TTI 
TGG-TGA TTI 

AT( 


"CAATTCATGACGGTTCAGGCTCATCTGACCCGAAGAi I iCACl 

■gtctctgtacttcacgcgccttttgacgccacgcacgatgcc 
:gataccgttgccatgcttataccggtg 


6190 




GG 


CGCGTGAAGTACAGA 


6191 1 




TC" 


rCTACTTCACGCGCC 






Waxy starch AT; 
GBSS GG 
Phaseolus vulgaris AG 


^AGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAy 
CGCGTGGAGTACAIAGACAAAAGTGAAATCTTCGGGTCAGAT( 
CCTGAACCGTCATGAATTGAAATACGATG 


\ 61 yo 




Glu19Term CA 
GAG-TAG TT 

GA 


TCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAG 
rCACTTTTGTCTATGTACTCCACGCGCCTTTTGACGCCACGCAi 
TGCCATCGATACCGTTGCCATGCTTAT 


A 6194 

-> 1 




GG 


5AGTACAIAGACAAAA 


6195 1 




TT 


TTGTCTATGTACTCC 


D 1 BO 




Waxy starch AT 
GBSS GT 
Phaseolus vulgaris Gf^ 


GGCAACGGTATCGATGGCATCGTGCGTGGCGTCA/W\(jbOb(. 
GGAGTACAGAGACAIAAGTGAAATCTTCGGGTCAGATGAGCC" 
ACCGTCATGAATTGAAATACGATGGGTTGA 


% C>) Q7 1 

J oiy/ 

r 


20 


Lys21Term TC 
AAA-TAA CC 

AC 


aacccatcgtatttcaattcatgacggttcaggctcatctgac 
5aagatttcacttatgtctctgtactccacgcgccttttgacgc 
;gcacgatgccatcgataccgttgccat 


C 6198 

c 




c; 




6199 1 




TT 
1 1 


1 LrMO 1 1 M 1 V3 1 ^ 1 w 1 VJ 


6200 




Waxy starch AC 
GBSS T/ 
Phaseolus vulgaris TC 


jggtatcgatggcatcgtgcgtggcgtcaaaaggcgcgtgga 
.cagagacaaaagtgiaatcttcgggtcagatgagcctgaacci 

)ATGAATTGAAATACGATGGGTTGAGATCTC 


G 6201 

■> 1 


25 


Lys23Temi G/ 
AAA-TAA CI 


^GATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTC/s 

rgacccgaagattacacttttgtctctgtactccacgcgccm 
\cgccacgcacgatgccatcgataccgt . 


J 6202 
1 



BNSDOCID- -«WO_0182512A2_L> 



wo 01/92512 



-155- 



PCT/USO 1/17672 





Phenotype, Oene, ; 
PfentS Targeted . 
Alteration: ^ 


AiteritiflOjigos ^ ^ 














CAAAAGTGIAATCTTCG 


6203 






CGAAGATTACACTTTTG 


6204 




Waxy starch 
GBSS 

Tiiticum aesfivum 


GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGG 

GTTCCATTCCTAATTAGTGTTCTTATCAAACAAACAGTGTTGGTTCA 

CTGAAACTGTCGCCTCACATCCAATTCCAG 


6205 


5 


Tyr7Term 
TAT-TAG 


CTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACTGl 1 1 
GTTTGATAAGAACACTAATTAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACCI 1 1 1 CGAGCTAGGCGC 


6206 






CCTAATTAfiTGTTCTTA 


6207 






TAAGAACACTAA7TAGG 


6208 




Waxy starch 
GBSS 

Triticum aestivum 


CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTC 
CATTCCTAATTATTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGTCGCCTCACATCCAATTCCAGCAA 


6209 


10 


CysSTerm 
TGT-TGA 


TTGCTGGAATTGGATGTGAGGCGACAGTnCAGTGAACCAACACT 
GTTTGTTTGATAAGAICAATAATTAGGAATGGAACCCATTGGTGCA 
GCCTCTCAATGACGACCTTTTCGAGCTAGG 


6210 






AATTATTGATCTTATCA 


6211 






TGATAAGAICAATAATT 


6212 




Waxy starch 
GBSS 

Triticum aestivum 


TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 
TAATTATTGTTCTTAGCAAACAAACAGTGTTGGTTCACTGAAACTGT 
CGCCTCACATCCAATTCCAGCAATCTTGT 


6213 


15 


TyrlOTerm 
TAT-TAG 


ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
AACACTGTTTGTTTGCTAAGAACAATAATTAGGAATGGAACCCATT 
GGTGCAGCCTCTCAATGACGACCI 1 1 ICGA 


6214 






TGTTCTTAGCAAACAAA 


6215 






TTTGTTTGCTAAGAACA 


6216 




Waxy starch 
GBSS 

Triticum aestivum 


CGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCCT 
AATTATTGTTCTTATTAAACAAACAGTGTTGGTTCACTGAAACTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 


6217 


20 


GlnllTerm 
CAA-TAA 


TACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAAC 

CAACACTGTTTGTTTAATAAGAACAATAATTAGGAATGGAACCCATT 

GGTGCAGCCTCTCAATGACGACCTTTTCG 


6218 






GnCTTATTAAACAAAC 


6219 






GTTTGTTTAATAAGAAC 


6220 



wo 01/92512 



-156- 



PCT/USOl/17672 



Phenolype, Gene, 
Pfant & f artjeied 

-* Alfprv)finn.. 


Altering O%0$ 




Waxv starch 
GBSS 

Triticum aestivum 


AGGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
AACAGTGTTGGTTGACTGAAACTGTCGCCTCACATCCAATTCCAGC 
AATCTTGTAACAATGAAGTOTGTTCCT 


6221 


Ser17Term 
TCA-TGA 


AGGAACATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCAACCAACACTGTTrGTTTGATAAGAACAATA 
ATOGGAATGGAACCCATTGGTGCAGCCT 


6222 




TGTTGGTTGACTGAAAC 


6223 




GTTTCAGTCAACCAACA 


6224 


Waxv starch 
GBSS 

Triticum aestivum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 


6225 


Gln28Term 
CAG-TAG 


TAGCTCCGACGGTCCTCATGCCGAGAGCCGCATCCGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6226 




CAGGTTTCIAGGGCGTG 


6227 




CACGCCCTAGAAACCTG 


6228 


Waxv starch 
GBSS 

Triticum aestivum 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 
TCGGCATGAGGACCGTCTGAGCTAGCGCCGCCCCAACGCAAAGC 
CGGAAAGCGCACCGCGGGACCCGGCGGTGCCTCT 


6229 


Gly46Term 
GGA-TGA 


AGAGGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGCGTT 
GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 




GGACCGTCIGAGCTAGC 


6231 




GCTAGCTCAGACGGTCC 


6232 


Waxv starch 
GBSS 

Triticum aestivum 


CGGAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 

CTAGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 

WbWW 


Gln53Term 
CAA-TAA 


CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCCTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 


6234 




CCCCAACGIAAAGCCGG 


6235 




CCGGCTTTACGTTGGGG 


6236 


Waxy starch 
GBSS 

Triticum aestivum 


GCGGATGCGGCTCTCGGCATGAGGACCGTCGGAGCTAGCGCCG 
CCCCAACGCAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGGGCCACCGGCAGCGGCG 


6237 


Lys56Temfi 
AAA-TAA 


CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 

CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 



BNSDOCID: <WO_0192S12A^L> 



wo 01/92512 



-157- 



PCT/USOl/17672 



Phenotype, Gene, : 




SEQ ID, 

MO' s . 


Plant &Taijg$ted 




; .Alteratibi} 


'. - ' ■'' 






AAAGCCGGIAAGCGCAC 


6239 




GTGCGCTTACCGGCTTT 


6240 


Waxy starch 
GBSS 

Triticum aesMim 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCGGCATGAACCT 
CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCCCCAG 


6241 


Glu85Term 
GAG-TAG 


CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAG 


6242 




TCGGCGCCIAGATGGCG 


6243 




CGCCATCTAGGCGCCGA 


6244 


Waxy starch 
GBSS 

Triticum aesfivum 


GTCGTCTCTCGCTGCAGGTAGCCACACCCTGCGCGCGCGATGGC 
GGCTCTGGTCACGTCGTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGTTCCGGCGTGCAGGI IMC 


6245 


GInSTerm 
CAG-TAG 


GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 




TCACGTCGIAGCTCGCC 


6247 




GGCGAGCTACGACGTGA 


6248 


Waxy starch 
GBSS 

Triticum aestivum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 

CCGGCGTGCAGGTTTTIAGGGTGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6249 


Gln28Term 
CAG-TAG 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCG6T 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 




CAGGII 1 MAGGGIGIG 


6251 




CACACCCTAAAAACCTG 


6252 


Waxy starch 
GBSS 

Triticum aesMim 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6253 


Lys52Term 
AAG-TAG 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGITGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 




CCGCCCCGIAGCAACAA 


6255 




TTGTTGCTACGGGGCGG 


6256 



wo 01/92512 



-158- 



PCT/USOl/17672 



Phenotype, Gene, 
Plant & Targeted : 
Alteration <^ ^ 


Altering ongo$ , /r 


NO: 


Waxy starch 
GBSS 

Thticum aestivum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6257 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6258 




CCCCGAAGIAACAAAGC 


6259 




GCTTTGTTACTTCGGGG 


D/DU 


Waxy starch 
GBSS 

Thticum aestivum 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6261 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6262 




CGAAGCAAIAAAGCCGG 


6263 




CCGGCTTTATTGCTTCG 




Waxy starch 
GBSS 

Tri^cum durum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAG6TTTCTAGGGCGTGAGGCCCCGGAACCCGGCG 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 


6265 


Gln28Term 
CAG-TAG 


TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 

CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 

GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6266 




CAGGTTTCTAGGGCGTG 


6267 




CACGCCCTAGAAACCTG 




Waxy starch 
GBSS 

TriUcum durum 


CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 
AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6269 


Lys52Term 
AAG-TAG 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGTTCCGGGG 


6270 




CCGCCCCGIAGCAAAGC 


6271 






6272 


Waxy starch 
GBSS 

Triticum durum 


CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 

GAGCGCCGCCCCGAAGIAAAGCCGGAAAGCGCACCGCGGGAGC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


Gln53Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
.TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 



0102512A2_L> 



wo 01/92512 



-159- 



PCT/USOl/17672 



Phenotype, Gene, 






Plant 5c Tartfetea 
Alteration 


' Altering OJigos 




^ • . 




CCCCGAAGIAAAGCCGG 


6275 




CCGGCTTTACTTCGGGG 


6276 


Waxy starch 
GBSS 

Triticum durum 


GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 

CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 


6277 


Lys56Term 
AAA-TAA 


CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 

CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 


6278 




AAAGCCGGIAAGCGCAC 


6279 




GIGCGCnACCGGCTTT 


6280 


Waxy starch 
GBSS 

Triticum durum 


TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAAAGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 


6281 


Cys64Term 
TGC-TGA 


GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGTCACCGCCGGCTCCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 


6282 




CGGCGGTGACTCTCCAT 


6283 




ATGGAGAGICACCGCCG 


6284 


Waxy starch 
GBSS 

Triticum turgidum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 

CCGGCGTGCAGGTTTTTAGGGTGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6285 


Gln28Term 
CAG-TAG 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6286 




CAGGI 1 1 IIAGGGIGIG 


6287 




CACACCCTAAAAACCTG 


6288 


Waxy starch 
GBSS 

Triticum turgidum 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAA6CGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6289 


Lys52Term 
AAG-TAG 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6290 




CCGCCCCGIAGCAACAA 


6291 




nGTTGCTACGGGGCGG 


6292 



wo 01/92512 



PCTAJSOl/17672 



-160- 





, Phenot^e, Gene, 
'- Plant & T^geted 
Alteration 


; , 5,Att$ringOJigos . ^ , " 


SEQ1B,: 




Waxy starch 
GBSS 

Triticum turgidum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAe 
CGAGCGGCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 




5 


Gln53Term 
CAA-TM 


TGGCGCGCACCACCATGGAGAGGCACGGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTrTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 






CCCCGAAGIAACAAAGC 


6295 






oLr 1 M o 1 I AU 1 1 Lrobob 






Waxy starch 
GBSS 

Triticum turgiduiji 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


ozy7 


10 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 






CGAAGCAAIAAAGCCGG 


6299 






CCC3GCT 1 1 AT 1 bU 1 1 Ub 


uOUU 




Waxy starch 
GBSS 

Triticum turgidum 


GATGCGCCGCTCGGGATGAGGACTACCGGAGCGAGCGCCGCCC 
CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


15 


Lys57Term 
AAA-TAA 


CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCnACCGGCTTTGTTGCTTCGGGGCGGCGC 

TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 






AAAGCCGGIAAGCGCAC 


6303 






GTGCGuT 1 AOObbo 1 i 1 


DOU*t 




Waxy starch 
GBSS 

Aegilops speHoides 


CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


cone 


20 


Gln28Temi 
CAG-TAG 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAG6TGGCGAGCTG 


6306 






CAGGTTTCIAGGGCGTG 


6307 








6308 




Waxy starch 
GBSS 

Aegiiops speltoides 


GGTrTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTGIGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


25 


Gly46Term 
GGA-TGA 


GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6310 



BNSTOCID: <WO 019251 2A2 I > 
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Phenoiype, Gene, ; 




SEQm- 




;P(attt& Targeted , 


AUerms Oligos , - / - 






Alteration . - 








( 


3GACTGTCIGAGCGAGC 


6311 




( 


3CTCGCTCAGACAGTCC 


6312 




Waxy starch ( 
GBSS 

Aegilops speltoides 


XCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 
3AGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 

:gggacccggcggtgcctctcgatggtggtgcgcg 


6313 


5 


Lys52Term 

AAG-TAG 1 

1 


:gcgcaccaccatcgagaggcaccgccgggtcccgcggtgcgc 

rTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
rCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6314 




( 


:CGCCCCGIAGCAACAA 


6315 




1 


rrGTTGCTACGGGGCGG 


6316 




Waxy starch ( 
GBSS ( 
Aegilops speltoides < 


:ggagcccggcagatgcgccgctcggcatgaggactgtcggag 
:gagcgccgccccgaagtaacaaagccggaaagcgcaccgcgg 
3acccggcggtgcctctcgatggtggtgcgcgcca 


6317 


10 


Gln53Term 

CAA-TAA ( 


rGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTrTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
rCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6318 




( 


CCCCGAAGIAACAAAGC 


6319 




( 


GCTTTGTTACTTCGGGG 


6320 




Waxy starch 
GBSS 

Aegilops speltoides 


^GCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCGTCTCGATGGTGGTGCGCGCCACCG 


6321 


15 


GInMTerm 
CAA-TAA 


CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6322 






CGAAGCAAIAAAGCCGG 


6323 






CCGGCTTTATTGCTTCG 


6324 




Waxy starch 
GBSS 

Oryza glabemma 


AGTGCAGAGATCTTCCACAGCAACAGCTAGACAACCACCATGTCG 
GCTCTCACCACGTCCTAGCTCGGCACCTCGGCCACCGGCTTCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 


6325 


20 


GlnSTerm 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTGAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 


6326 






CCACGTCCIAGCTCGCC 


6327 






GGCGAGCTAGGACGTGG 


6328 
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Bant & Targeted 








AfteratioB. 






waxy sidicn 
GBSS 

Oryza glabenima 


1 UUAUAbUAAUAbO I AbACAACCAC/CATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 


com 

6329 


Ser12Term 
TCG-TAG 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTTGTCTAGCTGnGCTGTGGA 


6330 




CGCCACCTAGGCCACCG 


6331 








waxy siarcn 
GBSS 

Oryza glaberrima 


t/t)bL.lCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 


6333 


Ser22Term 
TCG-TAG 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCA6CGACGACGGCGCCTACCTGTCAGCGATGCCGAA6CCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6334 




TGACAGGTAGGCGCCGT 


6335 




A pr5 r^pQPPT A pPTrsTP A 


Ct1'>Ct 

oJoo 


Waxy starch 
GBSS 

Oryza glaberrima 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGG 

GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


6337 


Ser25Term 
TCG-TAG . 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6338 




6GCGCCGTAGTCGCTGC 


6339 




f^P AfiPPi APT APr^f^P/^PP 


D04U 


waxy siarcn 
GBSS 

Oryza glaberrima 


C/bl uUUAbOi L/bUOAOC/TCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCCT 
CAAGCCCGGCAGCCCCGCCGGCGGCGACGCGAC 


6341 


Ser26Term 
TCG-TAG 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCTACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6342 




GCCGTCGTAGCTGCTCC 


6343 








Waxy starch 
GBSS 

Oryza sativa 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 

CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


6345 


GlnSTerm 
GAG-TAG 


GCAGCGACGACGGCGCCGACGTGTGGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCTTGCTGTGGA 


6346 
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PhenolyRe, Gene, 
' Plant & Targeted 
Alteration ' 


:. : ^ . , . .. fi' ■ '• 


SEQID 




CCACGTCCIAGCTCGCC 


6347 


GGCGAGCTAGGACGTGG 


6348 


Waxy starch 
GBSS 

Oryza sativa 

Ser12Term 

TCG-TAG 


CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCG6CATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCTTCGCCACGGGTT 


6349 


AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCIAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 


6350 


CGCCACCTAGGCCACCG 


6351 


CGGTGGCCIAGGTGGCG 


6352 


Waxy starch 
GBSS 

Oryza sativa 

Ser22Term 

TCG-TAG 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 


6353 


CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCIACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6354 


CGACAGGTAGGCGCCGT 


6355 


ACGGCGCCIACCTGTCG 


6356 


Waxy starch 
GBSS 

Oryza sativa 

Ser26Term 

TCG-TAG 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGTTCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 


6357 


GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACIACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6358 


GGCGCCGTAGTCGCTGC 


6359 


GCAGCGACIACGGCGCC 


6360 


Waxy starch 
GBSS 

Oryza sativa 

Ser26Term 

TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGTAGCCCAGCCGGCGGGGACGCATC 


6361 


GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCIACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6362 


GCCGTCGTAGCTGCTTC 


6363 


GAAGCAGCIACGACGGC 


6364 
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Pbenot^e, (Sene, 
Plants Targeted 
Alteraton 


\ / ' ; Altering OligO$ , ^ 


NOV 'i 




Waxy starch 
GBSS 

Hordeum vulgare 


GGCTCTGGCCACGTCCTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGGTTTTC 




5 


GInSTerm 
CAG-TAG 


GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 






CCACGTCCIAGCTCGCC 


6367 








6368 




Waxy starch 
GBSS 

Hordeum vulgare 


CCTCGGCGTCACCGACIGATTCCGGCGTCCAGGTTTTCAGGGCCT 
CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 




10 


Arg21Term 
AGA-TGA 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 






TCACCGACIGATTCCGG 


6371 






LrOOOMM 1 V/MVS 1 1 UA\ 


6372 




Waxy starch 
GBSS 

Hordeum vulgare 


CAGCTCGCCAOCTOCbbUALrUo 1 1 LVjoUo 1 L»AL»L« vaAUAvaA 1 1 
CCGGCGTCCAGGI 1 1 1 lAGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGCGGCGCTTGGTATGAGGACTATCGGAGCAA 


R^7'l 
DO/0 


15 


Gln28Term 
CAG-TAG 


TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 






CAGGTmTAGGGCCTC 


6375 








6376 

WW I w 




Waxy starch 
GBSS 

Hordeum vulgare 


1 1 1 1 L>AoVjoL'L> 1 uAovjUL>L>LiOvjAAL>L>L»ooOooA 1 vjoooL«ov-> i 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 
GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


fi^77 


20 


Gly46Term 
GGA-TGA 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGCCTGAGGCCCTGAAAACC 


6378 






GGACTATCIGAGCAAGC 


6379 






GCTTGCTCAGATAGTCC 


6380 




Waxy starch 
GBSS 

Hordeum vulgare 


CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


25 

• 


Lys52Term 
AAG-TAG 


TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 


6382 



BNSOOCID: <WO_0192512A2J_> 
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Phenotypej Gene^ , 
' Want & Targeted 






• ' Alteration , \ 


CCGCCCCGIAGCAAAGC 


6383 




GCTTTGCTACGGGGCGG 


6384 


\NsKy starch 
GBSS 
Zea mays 
GInSTerm 
CAG-TAG 


ACGTCTTTTCTCTCTCTCCTACGCAGTGGATTAATCGGCATGGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCAACGCGCGCCGGCCTGGGC 
GTCCCGGACGCGTCCACGTTCCGCCGCGGCG 


6385 


CGCCGCGGCGGAACGT6GACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATCCACTGCGTAGGAGAGAGAGAAAAGACGT 


6386 


CCACGTCGIAGCTCGTC 


6387 


6ACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Zea mays 
Gln30Temi 
CAG-TAG 


GTCGCAACGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGIAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

6GCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 

GCGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGIAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy starch 
GBSS 
Zea mays 
Ser38Term 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 

GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 

CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCIACGCCCGGGCCCCCCTCAG6CCCTG 
CGGGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCIACGCCCGG 


6396 


Waxy starch 
GBSS 
Zea mays 
Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 

GCGCGGCGCCCAGGCACIAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 

GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 

GTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 


6398 


CCAGGCACIAGCAGCAG 


6399 


CTGCTGCTAGTGCCTGG 


6400 
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,Plartt«. Targeted ' J 




, mi \ 


: ..'Atteration.^-.^r-.::.; 






waxy starcn 
GBSS 
Zea mays 


CGGCGCCCAGGCACCAGTAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCATGA 


D*fU 1 


Gln58Term 
CAG-TAG 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


6402 




GGCACCAGIAGCAGGCG 


6403 




CGCCTGCTACTGGTGCC 


6404 



BNSDOCID: <WO_0192512A2_L> 
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Example 11 
Afterinq fattv acid content of plants 

Improved means to manipulate fatty acid compositions, fi^om biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
5 reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
(i.e., chloroplasts. proplastlds, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
1 0 Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyi-, stearoyi- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl earner protein (stearoyl-ACP) 
desaturase, oleoyl desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
1 5 precursors. Similarly, relative enzymatic activities of the various acyl-ACP ttiioesterases influences the 

relative acyl-chain composition of the resultant fatty acids. Consequentiy a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant In fact specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
20 used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosyntiiesis. 



Table 22 

Oligonucleotides to produce plants with reduced palmitate 



PhenotypCjOene, 
Ptan\&T^rgetecl^ 
Alteration 








JteringOllgo 










SEQIC 




Reduced palmitate 
Acyl-ACP-ttiioesteras( 
Arabidopsis thaliana 
SerSTerm 
TCG-TAG 


TTTC 
B CAO 
GAT( 


3GTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGC 

CTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 

:CTAATGGAAAAGGCAATAAGATTGG 


6405 


CCA 
CAG 
AGA 


^TCTTATTGCCTTTTCCATTAGGATCAAGTGAAGAAGATGGTA 
GAAAGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
rGAAGCGTTCAAAGACACTGCCACCAAA 


6406 
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Pteijt& Targeted 
Aiteratlofi - 


^ ^ Altering OJigo$ . Z/]^ 


MO? ; 




TGCTACGTAGTCATTCT 


6407 






U*tUO 


Reduced palmitate 
Acvl-ACP-thioesterase 
Arabidopsis thaliana 


GGTGGCAGTGTC 1 1 iGAAObUTTUAl 0TC/CTL.C3 1 OA 1 VjVj 1 bvaUOA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCTTCACTTGAT 

CCTAATGGAAAAGGCAATAAGATTGGGTC 




SerQTerm 
TCA-TGA 


GACCCAATCTTATTGCCTITTCCATTAGGATCAAGTGAAGAAGATG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGGGTTCAAAGACACTGCCACC 


6410 




TACGTCGTGATTCTTTC 


6411 




AAA ^> A A ^*^^ A ^\^^ A ^X^^T" A 

GAAAGAATCACGACGTA 


d412 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis ttialiana 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTC 1 1 1 

TGTACCATCTTCTTGACTrGATCGTAATGGAAAAGGCAATAAGATT 

GGGTCTACGAATCTTGCTGGACTCAATrC 


o41o 


Ser17Term 
TCA-TGA 


GAATTGAGTCCAGCAAGATTCGTAGACCCAATCTrATTGCCTTTTC 
CAnAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCAGCATGACGAGGAGAT 


6414 




ATCTTCTTGACTTGATC 


6415 




o A 1 OAAo 1 UAAoAAoA 1 


D*t ID 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 


GTGGCCACCTCTGCTACGTCGTC/ATTO 1 1 ICCT&TALCAIOI 1 
CACTTGATCCTAATTGAAAAGGCAATAAGAnGGGTCTACGAATCT 
TGGTGGACTCAATrCTGGACCTAAGTCTG 


D41 / 


Gly22Temfi 
GGA-TGA 


CAGAGTTAGGTGCAGAATTGAGTCCAGCAAGAnCGTAGACCCAA 
TCTTATTGCCTTTTCAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 




ATCCTAATIGAAAAGGC 


6419 




GOO 1 1 1 1 CAATTAGGAT 


6420 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 


GCTTGAAI 1 IC3IC3AIUIGAI lUbl lAAl TG 1 GGGUAUAA 1 UU 1 lUU 

TACTGCCGCCACGTGATCATTCnTCCGTTGACTTCCCC'nrCTGGG 

GATGCCAAATCGGGCAATCGCGGAAAAGG 


04zl 


SerBTemfi 
TCA-TGA 


GCTTTTCCGGGATrGGCCGATTTGGCATCCCCAGAAGGGGAAGTG 
AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATrCAAGC 


6422 




CGCCACGTGATCATTCT 


6423 




AGAATGAT£ACGTGGCG 


6424 



BNSDOCIO: <WO_0192512A2_I_> 
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PhetJolype^Gene, - 
Alteration 


:%::-:-:-;-;-;::Si4:!:';v:*?:-?^ 

- - Aneruig.uiigo^ t- ^ , .. s*',,. / , . 


1 SE<3 ID 

PIV* 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
SerGTerm 
TCA-TGA 


TGMTTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGCTAC 

TGCCGCCACGTCATGATTCTTTCCGTTGACTTCCCCTTCTGGGGAT 

GCCAAATCGGGCAATCCCGGAAAAGG6TC 


6425 


GACCCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCATTGTG 
GCCACAATTAACCAATCAGATCACAAATTCA 


6426 


CACGTCATGATTCTTTC 


6427 


GAAAGAATCATGACGTG 


6428 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Leu13Term 
TTG-TAG 


CTGATTGGTTAATrGTGGCCACAATGGTTGCTACTGCCGCCACGT 
CATCATTCTTTCCGTAGACTTCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGI 1 1 IGG 


6429 


CCAAAACTCACCGACCCTTTTCCGGGATTGCCCGAI 1 IGGCATCC 
CCAGAAGGGGAAGTCTACGGAAAGAATGATGACGTGGCGGCAGT 
AGCAACCATTGTGGCCACAATTAACCAATCAG 


6430 


CTTTCCGTAGACTTCCC 


6431 


GGGAAGTCIACGGAAAG 


6432 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Lys21Term 
AAA-TAA 


ATGGTTGCTACTGCCGCCACGTCATCATTC1TTCCGTTGACTTCCC 

CTTCTGGGGATGCCIAATCGGGCAATCCCGGAAAAGGGTCGGTG 

AGTnTGGGTCAATGAAGTCGAAATCCGCGG 


6433 


CCGCGGATTTCGACTTCATTGACCCAAAACTCACCGACCCI 1 1 ICC 

GGGATrGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGAA 

AGAATGATGACGTGGCGGCAGTAGCAACCAT 


6434 


GGGATGCCIAATCGGGC 


6435 


GCCCGATTAGGCATCCC 


6436 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium tiirsutum 
SerSTerm 
TCG-TAG 


GGGATnCAGCACGAAAl IGAAGI IGI 1 1 1 lAAAAACCAIGGI IGC 
TACTGCTGTGACATAGGCGTnTTCCCAGTCACTTCTTCACCTGAC 
TCCTCTGACTCGAAAAACAAGAAGCTCGG 


6437 


CCGAGCTTCTTGTTTTTCGAGTCAGAGGAGTCAGGTGAAGAAGTG 
ACTGGGAAAAACGCCTATGTCACAGCAGTAGCAACCATGGI 1 1 1 lA 
AAAACAACTTCAATTTCGTGCTGAAATCCC 


6438 


TGTGACATAGGCGTmr 


6439 


AAAACGCCIATGTCACA 


6440 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium tiirsutum 
Ser16Term 
TCA-TGA 


TGTrTTTAAAAACCATGGTTGCTACTGCTGTGACAlCGGCGI 1 1 1 1 

CCCAGTGACTTCTTGACCTGACTCCTCTGACTCGAAAAACAAGAAG 

CTCGGAAGCATCAAGTCGAAGCCATCGGT 


6441 


ACGGAIGGCnCGACTTGATGCTTCCGAGCTTCTTGI 1 1 1 lUUAUi 

CAGAGGAGTCAGGTCAAGAAGTGACTGGGAAAAACGCCGATGTCA 

CAGCAGTAGCAACCATGGTmTAAAAACA 


6442 



wo 01/92512 
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SEQ ID 


.1 . Alteration 


Altering Oligos^ ; - - i 

iiiiiiiliSiliSliiii^ 






CACTTCTTGACCTGACT 


6443 




AGTCAGGTCAARAAfiTG 


U*T*T*t 


Rsduced Dalmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 


TTGCTACTGCIGTGACAICGGCGI 1 1 1 1 CCCAGTCACTTCI ICACfi 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGTTTGCA 


6445 


Ser22Term 
TCG-TAG 


TGCAAACnCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
GCTTCnGI 1 1 1 ICTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 


6446 




CTCTGACTAGAAAAACA 


6447 




TGI 1 1 1 ICIAGTCAGAG 


6448 


Rpriucprl nalmitatp 

Acyl-ACP-thloesterase 
Gossypium hirsutum 


GCTACTGClGU^ACAirGGn(-;i 1 1 1 K^fTAGK'Afl ITI IfArf^lf.? 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 


otto 


Lys23Term 
AAA-TAA 


CTTGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 
GAGCTTCTTGI 1 1 lACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 
TGGGAAAAACGCCGATGTCACAGCAGTAGC 


6450 




CTGACTCGIAAAACAAG 


6451 




PTTf3TTTTAPf5Ar5TPArt 
1 1 V9 1 1 1 1 MU>OM\J 1 


0*rOZ 


RpdnrpH n?)lmit?)tP 

Acyl-ACP-thioesterase 
Cuphea hookehana 


CTCCCGCTCGTTGAAAGACAATGGTftRrTArrftrTGrAAfirirTft 
CATTCrrCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 




Ser14Term 
TCG-TAG 


GGGCTGAAGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
GAGGTGACCGGGGACTACACGGGGAAGAATGCAGAGCTTGCAGC 
GGTAGCCACCATTGTCTTTCAACGAGCGGGAG 


6454 




CCCCGTGTAGTCCCCGG 


6455 




CCGGGGACIACACGGGG 


6456 


Rpduced nalmitafp 
Acyl-ACP-thioesterase 
Cuphea hookeriana 


ATGGTGGCTACnGCTGCAARCTCTGrATTrTTrrrrfiTGTrGTrr 

CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 

AGCTTCAGCCCCATCAAGCCCAAATTTGTCG 


OtOl 


Arg21Term 
AGA-TGA 


CGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACCCATTTC 
CGGGCTTTCCTGGtCAAGAGGAGGTGACCGGGGACGACACGGG 
GAAGAATGCAGAGCTTGCAGCGGTAGCCACCAT 


6458 




CCTCCTCTIGACCAGGA 


6459 




TCCTGGTCAAGAGGAGG 


6460 



BNSDOCID: <WO_0192512A2„L> 
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' Alteratioit 




sea ID 


Reduced palmitate < 
Acyl-ACP-thioesterase i 
Cuphea hookerian'a i 


GCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
^CCTCCTCTAGACCATGAAAGCCCGGAAATGGGTCATCGAGCTTC 
<\GCCCCATCAAGCCCAAATTTGTCGCCAATG 


6461 


Gly23Term i 
GGA-TGA \ 


CATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACC 

CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 

fliCGGGGAAGAATGCAGAGCTTGCAGCGGTAGC 


6462 




CTAGACCATCAAAGCCC 


6463 




GGGCTTTCATGGTCTAG 


6464 


Reduced palmitate i 
Acyl-ACP-thioesterase 
Cuphea hookeriana 


ACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTCACC 
TCCTCTAGACCAGGATAGCCCGGAAATGGGTCATCGAGCTTCAGC 
CCCATCAAGCCCAAATTTGTCGCCAATGGCG 


6465 


Lys24Term 
AAG-TAG 


CGCCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 

ACCCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 

GACACGGGGAAGAATGCAGAGCTTGCAGCGGT 


6466 




GACCAGGAIAGCCCGGA 


6467 




TCCGGGCTATCCTGGTC 


6468 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


GCCACCGCTGCAAGTTCTGCAnCTTCCCCCTGCCGTCCCCGGAC 
ACCTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
AGCCCCCTCAAGCCCAAATTTGTCGCCAATG 


6469 


Gly23Term 
GGA-TGA 


CATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGATGACC 
CATTTCCGAGCTTTCACGGCCTAGAGGAGGTGTCCGGGGACGGC 
AGGGGGAAGAATGCAGAACTTGCAGCGGTGGC 


6470 




CTAGGCCGIGAAAGCTC 


6471 




GAGCTTTCACGGCCTAG 


6472 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


ACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACC 
TCCTCTAGGCCGGGATAGCTCGGAAATGGGTCATCGAGCTTGAGC 
CCCCTCAAGCCCAAATTTGTCGCCAATGCCG 


6473 


Lys24Term 
AAG-TAG 


CGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGAT 

GACCCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 

CGGCAGGGGGAAGAATGCAGAACTTGCAGCGGT 


6474 




GGCCGGGAIAGCTCGGA 


6475 




TCCGAGCTATCCCGGCC 


6476 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


GCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCT 
AGGCCGGGAAAGCTCIGAAATGGGTCATCGAGCTTGAGCCCCCT 
CAAGCCCAAAI 1 1 GTCGCCAATGCCGGGTTGA 


6477 


Gly26Term 
GGA-TGA 


TCAACCCGGCATTGGCGACAAAnTGGGCTTGAGGGGGCTCAAGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
GGGACGGCAGGGGGAAGAATGCAGAACTTGC 


6478 



wo 01/92512 
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PJienotype,Gen€, 
Plant &Targete<r 

- ',vAitenafiont"- -^^^ 


AlterineOJigoS'. \ . -,1 - : V 


SEOID' 






MGCTCIGAAATGGG 


6479 




cc 


*CA 1 1 1 CAbAoU 1 1 ILr 


utou 




Reduced palmitate Cl^ 
/\cyl-ACP-thioesterase AG 
Cuphea lanceolate TT 


iTTCTTCCCCCTGCCGTCCCGGGACACCTCCTOTAbbuO(jCj(jAA 
JCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
GTCGCCAATGCCGGGTTGAAGGTTAAGGC 


RAM 




Ser29Term GC 
TCA-TGA GC 

G/ 


IGTTAACCTTCAACCCGGCAnGGGGACAAATrTGGGCTTGAGG 
3GCTCAAGCTCGATCACCCATTTCCGAGCTTTCCCGGCCTAGAG 
^GGTGTCCGGGGACGGCAGGGGGAAGAATG 


6482 




A/ 


^TGGGTGATCGAGCT 


6483 




AC 


3CTCGATCACCCATTT 


CAQA 

d4o4 




Reduced palmitate U( 
Acvl-ACP-thioesterase G> 
HelianUiUS annuus CI 


j| 1 IAAGIGGATCGGACAI I lAAUTGl 1 1 lAAIUAIUUIAliUIAI 

\GTGCTACTGCGTAGCTGTTTCCGGTrTCTTCCCCAAAACCTCA 

rCTGGAGCCAAGACATCTGATAAGCTTGG 


o4oo 


10 

1 w 


SerQTerm C( 
TCG-TAG Gi 

A/ 


DAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTrrGGGGAA 
^AACCGGAAACAGCIACGCAGTAGCACTCATAGCTACCATGA■^T 
\AACACTTAAATGTCCGATCCACTTAAACG 


6486 




T/ 


\CTGCGTAGCTGTTTC 


6487 




Gi 


AAACAGCIACGCAGTA 


UHOO 




Reduced palmitate A( 
Acyi*Aur"inioesierasc 
Helianthus annuus G 


STGTTTTAATCATGGTAGCTATGAGTGCTACTGCGTGGCTGTTTC 
r^nTTTrTTnnCCATAACCTCACTCTGGAGCCAAGACATCTGATAA 
CTTGGAGGTGAACCAGGTAGTGTTGCTG 


D4oy 


10 


Lys17Term C 

AAA-TAA T( 

T> 


AGCAAGACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 

■^CAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 

^GCACTCATAGCTACCATGATTAAAACACT 


6490 




C 


nCCCCAIAACCTCAC 


6491 




G 


TGAGGnATGGGGAAG 


6492 




Reduced palmitate A 
Acyl-ACP-thioesterase C 
Helianthus annuus A 


TGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCOGb IT 1 U II GOG 
AAAAGGTGACTCTTGAGGCAAGACATCTGATAAGCTTGGAGGTGA 
CCAGGTAGTGTTGCTGTGCGGGGAATCA 


D4yo 


20 


Gly21Temi T 
GGA-TGA A 

C 


6ATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
GATGTGTTGGCTCAAGAGTGAGGI 1 1 IGGGGAAGAAACCGGAAA 
AGGGAGGGAGTAGGAGTCATAGCTACCAT 


) 6494 




c 


TCAGTGTIGAGGGAAG 


6495 




c 


ITTGGCTGAAGAGTGAG 


6496 



BNSDCXJID: <WQ Qie2512A2Ll_> 
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Phetiotype, Gene, 
prantBi Targeted 
Alteratioit^ 






NO:- ^ 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys23Term 
AAG-TAG 


GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCCCAAAAC 

CTCACTCTGGAGCCIAGACATCTGATAAGCTTGGAGGTGAACCAG 

GTAGTGTTGCTGTGCGCGGAATCAAGACAA 


6497 


TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 
CTTATCAGATGTCTAGGCTCCAGAGTGAGGI 1 1 IGGGGAAGAAAC 
CGGAAACAGCGACGCAGTAGCACTCATAGC 


6498 




6499 


AGATGTCTAGGCTCCAG 


6500 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Lys21Term 
AAA-TAA 


7\TGGTGGCTGCTGCAGCAAGI rCTGCATGCl 1 CCCTGTTCCA1 CC 

CCAGGAGCCTCCCCHAACCTGGGAAGTTAGGCAACTGGTCATCG 

AGTTTGAGCCCTTCCTTGAAGCCCAAGTCAA 


6501 


TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT 


6502 




6503 


CCCAGGTTAAGGGGAGG 


6504 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palusths 
Lys24Term 
AAG-TAG 


GrTGCAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
TCCCCTAAACCTGGGIAGTTAGGCAACTGGTCATCGAGTTTGAGC 
CCTTCCTTGAAGCCCAAGTCAATCCCCAATG 


6505 


CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 
ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATC 
GAACAGGGAAGCATGCAGAACTTGCTGCAGC 


6506 




6507 


GCCTAACTACCCAGGTT 


6508 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palusths 
Trp28Term 
T6G-TGA 


TGCATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGTTAGGCAACTGATCAtCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATrrCAGGTT 


6509 


AACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAAGG 
GCTCAAACTCGATGAICAGTTGCCTAACTTCCCAGGnTAGGGGA 
GGCTCCTGGGGAT6GAACAG6GAAGCATGCA 


6510 


GGCAACTGATCATCGAG 


6511 


CTCGATGATCAGTTGCC 


6512 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Ser29Term 
TCA-TGA 


CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 
AGTCAATCCCCAATGGCGGATTTCAGGTTAA 


6513 


TTAACCTGAAATCCGCCATrGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 


6514 



wo 01/92512 PCTAJSOl/17672 
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Phenotype^Gene, 
Plant &TdrgQtet) 


' \x > Altering 01igo$ ' ^ \ ^ 


SEQlD" 




Alteration 










CAACTGGTGATCGAGTT 


6515 






AACTCGATCACCAGTTG 


6516 




Reduced palmitate 
Acy 1- AC P'thioesterase 
Cuphea hookeriana 


ATGGTGGCTGCCGCAGCAAGTl CI GCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTTAACCCGGGAAGTTCGGTAATGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA \ 


6517 


5 


Lys21Term 
AAA-TAA 


TAGGATGGGCATTGGCGTTTGCCnAACCTGAAAGCCACCATOC 

CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAAC6GAG 

AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 


6518 






TCTCCCCITAACCCGGG 


6519 






CCCGGGTTAAGGGGAGA 


con 




Reduced palmitate 
Acyi-ALr r-inioesierase 
Cuphea hookeriana 


GCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACCCCGGGAATC 

1 UUOU 1 /v\ML»v-/LrOOV:) 1 Mo 1 1 1 MM I OVJ 1 OOO I I I OMOO l i r\r\\D 

GCAAACGCCAATGCCCATCCTAGTCTAAAGT 


6521 


10 


Lys24Term 
AAR-TAR 


ACTTTAGACTAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCC 
AACGGAGAAGAATGCAGAACTTGCTGCGGC 


6522 






AACCCGGGIAGTTCGGT 


6523 






ACCGAACTACCCGGGTT 


6524 




Reduced palmitate 
Acvl-ACP-thioesterasG 
Cuphea hookeriana 


TTCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTrC 
GGTAATGGTGGCTTTTAGGTTAAGGCAAACGCCAATGCCCATCCT 
AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 


6525 


15 


GIn31Term 
CAG-TAG 


CTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGGCATTGG 
CGTTTGCCTTAACCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 


6526 






GIGGCIIIIAGGIIAAG 


6527 






CTTAACCTAAAAGCCAC 


6528 




Reduced palmitate 
Acvl-ACP-thioesterase 
Cuphea hookeriana 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCTTTCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCTGGCAGCCTCGAGACTGAAGATGACA 


6529 


20 


Lys33Temri 
AAG-TAG 


TGTCATCTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGG 

CATTGGCGTTTGCCTAAACCTGAAAGCCACCATTACCGAACTTCCC 

GGGTTTAGGGGAGATrCCCGGGGTTGGAAC 


6530 






TTCAGGTTIAGGCAAAC 


6531 






GTTTGCCTAAACCTGAA 


6532 



BNSDOCID: <WO ^019251 2A?_L> 



wo 01/92512 



-175- 



PCT/USOl/17672 



Phenolypey<5€ne, 
Pfent& Targeted 


" I ' ^-'^^'^ i: 










Alteration: - 










Reduced palmitate 

MUyrMLfr-UllOcoieraoe 

Brassica rapa 

Gln21Term 

CAA-TAA 


ATG 1 1 GAAGCTCTCGTGTAA'I GCGACTGATAAGTTACAGACCCTCT 
TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 
CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 


6633 


GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTAACT 


6534 


ATTCTCATTAACCGGAT 


6535 


ATCCGGTTAATGAGAAT 


6536 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Arg28Term 
AGA-TGA 


GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGTGAACCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGTTCTCGATCC1TTGCGAG 


6537 


CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGnCACCGGTGTGCCGGATCCGGTTGATGAGAA 
1 GOGAGAAGAGGGTCTG 1 AAOTTATCAGTCGC 


6538 


CACACCGGIGAACCGTC. 


6539 


GACGGTTCACCGGTGTG 


6540 


Reduced palmitate 
Mcyi-AUr-inioesierase 
Brassica rapa 
Ser24Term 
TCG-TAG 


CCCTCTTCTCGCAnCTCATCAACCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCTTTGCGAGCGATCGTATCTGCTGATCA 


6541 


TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACIACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATnnfiftTTfiATftAftAATRPRARAAnAf^nri 


6542 


CTCCGTGTAGTGCTCTC 


6543 


GAGAGCACIACACGGAG 


6544 


Reduced palmitate 

MUyi-MLf r -U llUcoltJI doc 

Brassica rapa 

Cys25Term 

TGC-TGA 


C7TCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCTGATCAAGGA 


6545 


TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
TTTCCTCAGATGAGATCACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 


6546 


GTGTCGTGATCTCATCT 


6547 


AGATGAGATCACGACAC 


6548 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Leu2Term 
7TG-TAG 


A 1 1 C r Id I CIATAAACCAAAACC 1 CAGGAACCATAAAAAAAAAAGG 

GCATCAAAAATGTAGAAGCT7TCGTGTAATGTGACTAACAACTTAC 

ACACCTTCTCCTTCTTCTCCGATTCCTC 


6549 


GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCACA 
TTACACGAAAGCTTCTACATTnTGAIGCCCI 1 1 1 1 i i i 1 lATGGTTC 
CTGAGG 1 1 1 1 GGTTTATAGAAGAAGAAT 


6550 



wo 01/92512 
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i 
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Pii«notype,<5en€j 
Plant & Targeted 
Alteratior> 


Alt0rin^Oligo$~ ;/ 


SEOlD 




AAAAATGTAGAAGCTTT 


6551 




AAAGCl ICIACAI 1 1 1 1 


6552 


Reduced palmitate 
Acyl-ACP-tnioesterase 
Brassica napus 
LysSTerm 
AAG-TAG 


TCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGG 

nA'm^ a a a atott^taootttp/^TPTA AT/^T^^Ar^TAAPAAPTTAf^An 

ACCTTCTCCTTCTTCTCCGATTCCTCCC 


6553 


GGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCA 

PATTAPAP^SAAArSPTAPAAPA 1 1 1 1 1 RATRnPni 1 1 1 1 1 1 1 1 1 ATGG 

TTCCTGAGGTTI 1 GGTTTATAGAAGAAGA 


6554 


AAATGTTGIAGCTTTCG 


6555 


CGAAAGCTACAACATTT 


6556 


Reduced palmitate 

Brassica napus 

SerSTerm 

TCG-TAG 


CTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAA 
AATRTTGAARCTTTAGTGTAATGTGACTAACAACTTACACACCTTCI 
CCTTCTTCTCCGATTCCTCCCI 1 1 ICAT 


6557 


ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTG 
TTAGTCACATTACACTAAAGCTTCAACATTTTTGATGCCCI 1 1 1 1 1 1 1 
TTATGGTTCCTGAGGI 1 1 IGGTTTATAG 


; 6558 


GAAGCTTTAGTGTAATG 


6559 


CATTACACIAAAGCTTC 


6560 


Reduced palmitate 

Arvl-AnP-fhinp<^tprfl^p 

Brassica napus 

CysBTerm 

TGT-TGA 


AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 
TTGAAGCTTTCGTGAAATGTGACTAACAACTTACACACCTTCTCCT 
CTTCTCCGATTCCTCCCI 1 1 ICATCCCG 


6561 

r 


CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACATTTCACGAAAGCnCAACAl 1 1 1 IGATGCCCTl 
1 1 1 1 1 1 1 lATGGTTCCTGAGGTnTGGTTT 


6562 

r 


CTTTCGTGAAATGTGAC 


6563 


GTCACATTTCACGAAAG 


6564 



aNSDOClD- <WO 0192512A2 I > 
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Table 23 

Oligonucleotides to produce plants with increased stearate 







I ' ' Altering Oiigos . , ^^^..^^ ' - 






Plant & T?rget«d 


MOi; 


5 


Alteration 








incr6aS6Q Sieaiaie 

stearoyl-ACP 
desaturase 


GGGAGAGCTCTAGCTCTGTAGAAAAGAAGGATTCATTCATCATATC 
CAGAAATGGCTCTAIA6TTTAACCCTTTGGTGGCATCTCAGCCTTA 
CAAATTCCCTTCCTCGACTCGTCCGCCAA 


6565 


10 


rv aUIUUfJoi\> Uiaiiana 

Lys4Term 
AAG-TAG 


TTfiRCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 

CCAAAGGGTTAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 

CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 


6566 






Tr^Or'TPT ATA/tlTTT A AP 
1 OOO 1 Kj I AX^^v? 1 I 1 MMU 


6567 

www 1 






GTTAAACTATAGAGCCA 


6568 




Increased stearate 

stearoyl-ACP 

desaturase 


PTPTPT AP A A A An A Ar^r:: ATTP ATTP ATP ATATPP A(^A AATRRCTCT 

AAAGTTTAACCCTTAGGTGGCATCTCAGCCrrACAAATTCCCTTCC 
TCGACTCGTCCGCCAACTCCTTCTTTCAG 


6569 

WW WW 


15 


ATQuioopsis inaiiana 

LeuSTerm 

TTG-TAG 


r^TnAAArs&ArirSArSTT^SrSPfSRAPfiARTPftAftfiAAftRRAATTTGTAA 

GGCTGAGATGCCACCIAAGGGTTAAACTTTAGAGCCATTTCTGGAT 
ATGATGAATGAATCCTTCTTTTCTACAGAG 


6570 

WW 1 V 






TAAPrPTTARRTRfinAT 


6571 






ATGCCACCIAAGGGTTA 


6572 


20 


Stearoyl-ACP 
desaturase 


AGAAGGATTCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACC 

CTTTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 

GCCAACTCCTTCTTTCAGATCTCCCAAGT 


6573 




r\i auiuufJoio uioiiouo 

Gln12Term 
CAG-TAG 


ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 

GGGAATTTGTAAGGCTAAGATGCCACCAAAGGGTTAAACTTTAGAG 

CCATTTCTGGATATGATGAATGAATCCTTCT 


6574 






TGGCATCTTAGCCTTAC 


6575 






GTAAGGCTAAGAT6CCA 


6576 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


TCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACCCI 1 IGGTG 

GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 

CTTCTTTCAGATCTCCCAAGTTCCTCTGC 


6577 




Arabidopsis thaliana 

Phe14Term 

TAC-TAG 


GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGAAGGGAATTTCTAAGGCTGAGATGCCACCAAAGGGnAA 
ACTTTAGAGCCATTTCTGGATATGATGAATGA 


6578 






CAGCCTTAGAAATTCCC 


6579 






GGGAATTTCTAAGGCTG 


6580 



wo 01/92512 
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i 



Phenotype.Cene,. 
Plant &Targote4 
Alteration 


: ^ /> ^ ' Zr ' '^-^^ 

' ' J ^ ^ Altering Oligo$ 1 . / ! 


SEQlCt 


stearoyl-ACP 
desaturase 


AAAGAAAATGGCATAGAAGCTTAACCCTTTGGCATCTCAGCCTTAC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 


DOo 1 


Brassica napus 

Leu3Term 

TTG-TAG 


ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCTATGCCAI 1 1 ICI 1 1 1 1 1 1 IGATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 


6582 




AATGGCATAGAAGCTTA 


6583 




TAAGCTTCTATGCCATT 


MM 


lilV/ICaoCU oLCdl die 

stearoyl-ACP 
desaturase 


d A C^CTCOiCTC orrcxTC^cx a a a a a p atp a a a p ptp r^T atp a a a a a a a 

AGAAAATGGCAnGTAGCnAACCCTTrGGCATCTCAGCCTTACAA 
ACTCCCTTCCTCGGCTCGTCCGCCAATCT 


OOOO 


Brassica napus 

Lys4Term 

AAG-TAG 


AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAAAGGGnAAGCTACAATGCCAl 1 1 ICI 1 1 1 1 1 1 IGATACGAG 
GTrTGATGTTCTTTCAGACACGAGCGAGCTC 


6586 




TGGCATTGIAGCTTAAC 


6587 




PTTA APPTAP A ATPPPA 


CCOQ 

o5oo 


IllUlcdbtjU blcdidlc 

Stearoyl-ACP 
desaturase 


TPT^tiA A APA APATPA A APPTPPTATPA AAAAAAAPAAA ATPPPATT 

1 U I VjAAAoAAUA 1 UAAAUO 1 Uo 1 A 1 UAAAAAAAAoAAAA 1 (joUA 1 I 

GAAGCTTAACCCnAGGCATCTCAGCCmCAAACTCCCTTCCTCG 
GCTCGTCCGCCAATCTCTACTCTCAGATC 


boob 


Brassica napus 

LeuSTerm 

TTG-TAG 


GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAGTTT 
GTAAGGCTGAGATGCCTAAGGGTTAAGCTTCAATGCCATnTCTTT 


6590 


1 1 1 1 IGATACGAGGTTTGATGTTCTTTCAGA 






TAACCCTTAGGCATCTC 


6591 




GAGATGCCTAAGGGTTA 




InpTPacpH cfparofia 
iiiL»icdoc;U oLcdiaU; 

Stearoyl-ACP 
desaturase 


A AP ATP A A APPTPPTATP A A AAAAAAAPAAA ATPiPP ATTP A A PPTTA A 
AAUM 1 AAML»U 1 Uo 1 A \ UAAAAAMAAoAAAA 1 ooUA 1 1 oAAoO 1 1 AA 

CCCTTTGGCATCTTAGCCTTACAAACTCCCTTCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 


OObO 


Brassica napus 

Gln11Term 

CAG-TAG 


ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
All II CI II 1 1 1 1 IGATACGAGGTTTGATGTT 


6594 




TGGCATCTTAGCCTTAC 


6595 




Vj 1 AAv3wL» 1 MAOA 1 UOLrA 




Increased stearate 

stearoyl-ACP 

desaturase 


ATCCTTTCCTTTCTTAAACCCAAAAGTrACCTTCTrTCGCTCTTCCA 
CCAATGGCCAGTACCAGATCTCCTAAGT 


6597 


Ricinus communis 

Gln27Term 

CAA-TAA 


ACTrAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GTAACI 1 1 IGGGTTTAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGIillllllCTTACCI i M ICI 1 1 IGGTT 


6598 



BNSDOCID: <WO_0192512A2J_> 



wo 01/92512 PCT/USOl/17672 

-179- 





Phenolvoer Gene, 
Alteration 


' Altering Oltgo$ - : - ; ;r'/\: 


SEOID 

; MOi > 




T 


CCTTTCTTAAACCCAA 


6599 




T 


TGGGTTTAAGAAAGGA 


6600 




ncreased stearaie 
stearoyl-ACP T 
desaturase C 


ArjAAAAARRTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTT 

CCTTTCTCAAACCTAAAAGTrACCTTCrnrCGCTCTTCCACCAATG 

5CCAGTACCAGATCTCCTAAGTTCTACA 


6601 


5 


rilCinUS COmuiUniS \ 

Gln29Term P 
CAA-TAA / 


f?TARAArTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGA 
^GAAGGTAACTTTTAGGTTTGAGAAAGGAAAGGATTGAGCTTGAG 
^GCCATTGI 1 1 1 1 1 MCI lACCTTTTTCTT 


6602 




c 


^TPAAArrTAAAAGTTA 


6603 




1 


MMLr 1 1 1 1 Mvjvj 1 1 1 vjrvvj 


6604 




stearoyl-ACP 1 
desaturase C 


WW^GGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCl I luu 

nrctcaaacccaatagttaccttctttcgctcttccaccaatggc 
:agtaccagatctcctaagttctacatgg 


6605 


10 


P/Wniic rnrntnunis ( 

Lys30Term ( 
AAG-TAG 


xatgtagaacttaggagatgtggtactggccattggtggaagag 
:gaaagaaggtaactattgggtttgagaaaggaaaggattgagct 
rgagagccattgttttttttcttacci 1 ii 1 


6606 






i\AACCCAAIAGTTACCT 


6607 






(VGGTAACTATTGGGTTT 


6608 


15 


nrrPSQPri ^tPr)r3t6 

stearoyl-ACP 
desaturase 


rCTCAAACCCAAAAGTOCCTTCTTTCGCTCTTCCACCAATGGCCA 
GTACCAGATCTCCTIAGTTCTACATGGCCTCTACCCTCAAGTCTGG 
TTCTAAGGAAGnGAGAATGTCAAGAAGC 


6609 


nicinus coinuiunib 

Lys46Term 

AAG-TAG 


RrTTrTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGTAGA 
GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAAAGAAGGTAACI 1 1 IGGGTTTGAGA 


6610 






riATPTnflTTAGTTCTAC 


6611 






RTARAAPTAARRAGATC 


6612 


20 


Increased stearate 

stearoyl-ACP 

desaturase 


TCTTC'IGATTCATTrAATCI 1 IACTCATCAAIGGCTClC3ACjAUlUAA 
CCCTATCGCCACCTAAACCTTGTCCCTCCCCCAAATGGCCAGTCT 
CAGATCTCCCAGGTTCCGCATGGCCTCTA 


6613 




Glycine max 

GInllTerm 

CAA-TAA 


TAGAGGCCATGCGGAACCTGGGAGATCTGAGACTGGCCAl I lUU 

GGGAGGGAGAAGGTTTAGGTGGGGATAGGGTTCAGTCTCAGAGC 

CATTGATGAGTAAAGATTAAATGAATCAGAAGA 


6614 




TCCCCACCIAAACCTTC 


6615 






GAAGGTTTAGGTGGGGA 


6616 
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;>-.'Rh€notype,G€ne, 




SEQID/ 




'Pl5flt& Targeted 


' r ^ Altering Oligos ^ ^ 






^1 lie 1 dil U 1 1 








IncPBased stearate 

stearoyl-ACP 

desaturase 


will rvo 1 \jr\ 1 OrVA 1 OOV^ 1 1 \JrVOr\\j \ Or\MV-/UO 1 r\ 1 oUL^UMUOwAAA 

CCTTCTCCCTCCCCTAAATGGCCAGTCTCAGATCTCCCAGGTTCC 
GCATGGCCTCTACCCTCCGCTCCGGTTCCA 


DDI / 


5 


Glycine max 

Gln17Term 

CAA-TAA 


TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 
CTGAGACTGGCCAI 1 1 AGGGGAGGGAGAAGGTTTGGGTGGGGAT 
AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


6618 






CCCTCCCCTAAATGGCC 


6619 






fiRHP ATTT A aC^f^nLCififi 

\D\D\j\jf\ 1 1 1 MVJVJVJVJMOOO 


bbzO 


10 


Increased stearate 

stearoyl-ACP 

desaturase 


GCTCTGAGAnTRAAnnrTATrrrrAPprAAAmTrTrrrTrrrr 

WW 1 Vi/ 1 vj/^vj/Aw 1 Vj/VAwOw I 1 wwwwMwwwAVvAww 1 1 w 1 www 1 wwww 

CAAATGGCCAGTCTCTGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGnCCAAAGAGGTTGAAAATA 




Glycine max 

Arg22Term 

AGA-TGA 


TAl 1 1 lUAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 


6622 






CCAGTCTCIGATCTCCC 


6623 






GGGAGATCAGAGACTGG 




15 


lncrea«?pri <ntparatp 

stearoyl-ACP 

desaturase 


PAAATnr^PPArJTPTPAr^ATPTPPPA^^CTTPPr^PAT/^i^PPTnTAnn 

CTCCGCTCCGGTTCCTAAGAGGTTGAAAATATrAAGAAGCCATTCA 
CTCCTCCCAGAGAAGTGCATGTTCAAGTAA 


DbZO 




Glycine max 

Lys37Term 

AAA-TAA 


TTACTTGAACATGCACTTCTCTGGGAGGAGTGAATGGCTTCTTAAT 
Al 1 1 ICAACCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 
GAACCTGGGAGATCTGAGACTGGCCATTTG 


6626 






CCGGTTCCIAAGAGGTT 


6627 






AAPPTPTTAf^f^AAPPr^^^ 


DDZO 


20 


Increased stearate 

Stearoyl-ACP 

desaturase 


CAACAAf^f^APAPAPAA(^AAPAAPATPAAPAATr^r^P<^ATTr7V^ATPA 

ATACGGCGACGI 1 1 lAATGAGACCTGTACCGTrCATTCGCGTTTCC 
TCAACCGAAACCTCTCAGATCTCCCAAAT 






Helianthus annuus 

Gln11Term 

CAA-TAA 


ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 
GGTACAGGTCTGATTAAAACGTCGCCGTATTGATGCGAATCGCCA 
TTGTTGATGTTGTTCTTGTGTGTGCTTGTTG 


6630 






CGACGTTTIAATCAGAC 


6631 






GTCTGATTAAAACGTCG 


6632 


25 


Increased stearate 

Stearoyl-ACP 

desaturase 


AAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTTCAATGAGACCTGTACCGTTCATrCGCGnrCCTCAA 
CCGAAACCTCTCAGATCTCCCAAATTCGC 


6633 


30 


Helianthus annuus 

Ser12Tenfn 

TCA-TGA 


GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 


6634 



BNSDOCID: <WO 0192S12A2J_> 



wo 01/92512 
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Plants Targeted 
. V ^Alteration ^ - 


Altering Oligos ' ^ \r ' 


SEQID 

mt 




GTTTCAATGAGACCTGT 


6635 




ACAGGTCTCATTGAAAC 


6636 


Increased stearate 

stearoyl-ACP 

desaturase 


AAGAACAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTI 
CAATCAGACCTGTAGCGTTCATTCGCGTTTCCTCAACCGAAACCTC 
TCAGATCTCCCAAATTCGCCATGGCTTCC 


• 6637 


Helianthus annuus 

TyrlSTerm 

TAC-TAG 


GGAAGCGATGGCGAATTTGGGAGATCTGAGAGGI 1 ICGGTTGAGC 
AAACGCGAATGAACGCTACAGGTCTGATTGAAACGTCGCCGTATT 
GATGCGAATCGCCATTGTTGATGTTGTTCTT 


; 6638 


GACCTGTAGCGTTCATT 


6639 




AATGAACGCTACAGGTC 


6640 


Increased stearate 

stearoyl-ACP 

desaturase 


CAACATCAACAATGGCGATTCGCATCAATACGGCGACGl I iCAAK 
AGACCTGTACCG"FTGATTCGCGTTTCCTCAACCGAAACCTCTCAG 
TCTCCCAAA7TCGCCATGGCTTCCACCAT 


: 6641 


nviioiiu luo affficiuw 

Ser17Term 
TCA-TGA 


ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGI 1 lUGGI 
TGAGGAAACGCGAATCAACGGTACAGGTCTGATTGAAACGTCGCC 
GTATTGATGCGAATCGCCATTGTTGATGTTG 


r 6642 


GTACCGTTGATTCGCGT 


6643 




ACGCGAATCAACGGTAC 


6644 


Increased stearate 

stearoyl-ACP 

desaturase 


ACAC AC AAC AC AC AC 1 CAA 1 CACACAC ACA 1 CA I CA i c ii u 1 1 ua i 
AACGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGA 

ATATCCTTCATACACI 1 1 ICATCAATCGA 


C 6645 

r 


Helianthus annuus 

Arg4Term 

CGA-TGA 


tcgattgatgaaaagtgtatgaaggatatatctcccgttgaagcg 
caccggactcattcaaagcgccatcgttgatgaagaagatgatg; 
tgtgtgtgtgattgagtgtgtgttgtgtgt 


r 6646 


IGGCGCTTTGAATGAGT 


6647 




ACTCATTCAAAGCGCCA 


6648 


Increased stearate 

stearoyl-ACP 

desaturase 


acacacacatcatcatcttcttcatcaacgatggcgcttcgaatg; 
gtccggtgacgcttiaacgggagatatatccttcatacacttrtcy 
tcaatcgaaaaatctcagatctcctaaat 


\ 6649 

- *• 

\ 


Helianthus annuus 
Gln1 1Term 
CAA-TAA 


ATTTAGGAGATCTGAGATTTTTCGATTGATGAAAAGTGTATGAAGG 
ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGAAGCGCCAl 
CGTTGATGAAGAAGATGATGATGTGTGTGT 


7 6650 


TGACGCTTTAACGGGAG 


6651 




CTCCCGTTAAAGCGTCA 


6652 
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^ Phenotype,(3€n€, 




SEOIU 




Plant &Targetetl ^ 








ncreased stearate / 
stearoyl-ACP 
desaturase / 


\Lff\ 1 UA 1 UA 1 U 1 1 U 1 1 UA I UAAUvjjA 1 ooOoL^ I i UoMA I ono i ouoo 

rGACGCTTCAACGGTAGATATATCCTTCATACACI 1 1 ICATCAATCG 
\AAAATCTCAGATCTCCTAAATTCGCGA 




5 


Helianthus annuus 
GlulSTerm 

GAG-TAG ( 


rCGCGAATTTAGGAGATCTGAGATnrrCGATTGATGAAAAGTGTA 
rGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 
3GCCATCGTTGATGAAGAAGATGATGATGT 


6654 






rrCAACGGIAGATATAT 


6655 




i 


r\ 1 M 1 A 1 L» 1 MOL/VJ 1 1 \Jr\r\ 


6656 




ncreased stearate i 

stearoyl-ACP 

desaturase 


f\ 1 0 1 1 U 1 1 UA 1 L>AALfOA 1 ooUvsLr 1 1 Uo/aM i o/ao 1 ^\-tov3 1 vj/a\_»V3U i i 

CAACGGGAGATATAGCCTTCATACACTTTTCATCAATCGAAAAATCT 
CAGATCTCCTAAATTCGCGATGGCTTCC 




10 


Helianthus annuus 

Tyr15Term 

TAT-TAG 


GGAAGCCATCGCGAATTTAGGAGATCTGAGATTTTTCGATTGATGA 

AAAGTGTATGAAGGCTATATCTCCCGTTGAAGCGTCACCGGACTC 

ATTCGAAGCGCCATCGTTGATGAAGAAGAT 


6658 






GAGATATAGCCTTCATA 


6659 






TATGAAGGCTATATCTC 


uDOU 


15 


Increased stearate 

stearoyl-ACP 

desaturase 


AACTCAGCCAGu 1 \ (jUUUOUAAAUAAL'AoL'oUAoAAMMAL.O I i OA 

ACAACAATGGCTCTCTAGCTCAACCCAGTCACCACCTTCCCTTCAA 

CACGCTCCCTCAACAACTTCTCCTCCAGAT 


RRR1 




Linum usitatissimum 

Lys4Term 

AAG-TAG 


ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 

GTGAGTGGGTTGAGCTAGAGAGCCATTGTTGTTGAAGGTTTTTCTG 

CGCTGTTGTTTGGGGGCAAGCTGGCTGAGTT 


6662 






TGGCTCTCIAGCTCAAC 


6663 








6664 


20 

fcW 


Increased stearate 

stearovl-ACP 

desaturase 


^PPP APA AAA APr'TTr'A AP A AO A AT/tSI^PTr'Tr' A A/^PTPAAOPP Af5 

GOGL/AoAAAAAUU 1 1 UAAUAAUAA 1 Vjou 1 0 1 L>MMoO 1 LirtrtOOoAVj 

TCACCACCTTCCCTTGAACACGCTCCCTCAACAACTTCTCCTCCAG 

ATCTCCTCGCACCTTTCTCATGGCTGCTTC 






Linum usitatissimum 

Ser13Term 

TCA-TGA 


GAAGCAGCCATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGTT 
GTTGAGGGAGCGTGTTCAAGGGAAGGTGGTGACTGGGTTGAGCT 
TGAGAGCCATTGTTGTTGAAGGI 1 1 1 ICTGCGC 


6666 






CTTCCCTTfiAACACGCT 


6667 








6668 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
AACAACTTCTCCTCCIGATCTCCTCGCACCTTTCTCATG6CTGCTT 
CCACTTTCAATTGCACCTCCACCAAGTAAG 


6669 


30 


Linum usitatissimum 

Arg23Term 

AGA-TGA 


CTTACTTGGTGGAGGTGGAATTGAAAGTGGAAGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 



BNSDOCID: <WO_0192512A2L.L> 
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5 



10 



20 



V Aitecafion J . 


,1 A|teriftgOI>go$ \ - 


SEaiD 






TCTCCTCCIGATCTCCT 


6671 




AGGAGATCAGGAGGAGA 


6672 


Increased stearate 

stearoyl-ACP 

desaturase 


TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTTCCACTTTCA 
ATTCCACCTCCACCIAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
CCGATTTC 1 1 1 1 AAGCGATTGATCGTAGA 


6673 


Linum usitatissimum 

Lys41Term 

AAG-TAG 


TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 

GAGGAGATGCTTACTAGGTGGAGGTGGAATTGAAAGTGGAAGCAG 

nnATGAGAAAGGTGCGAGGAGATCTGGAGGA 


6674 


CCTCCACCIAGTAAGCA 


6675 




TGCTTACTAGGTGGA6G 


6676 


Increased stearate 

stearoyl-ACP 

desaturase 


7TO"GCACTGAAAC1 IIGCI 1 1 CCACCCCACAAGAl GCCI ICCIlCC 
CCGATGCTCGTATCTGATCTCACAGGGTTTTCATGGCTTCAACTAT 
TCATTCTCCnCTATGGAGGTCGGAAAAG 


6677 


Olea europaea 

Arg21Term 

AGA-TGA 


CTnTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 
GTGGGGTGGAAAGCAAAGTTTCAGTGCCAT 


6678 


CTCGTATCIGATCTCAC 


6679 




GTGAGATCAGATACGAG 


6680 


Increased stearate 

Stearoyl-ACP 

desaturase 


CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 

GGGTTTTCATGGCTTGAACTAnCATTCTCCTTCTATGGAGGTCGG 

AAAAGTTAAAAAGCCTTTCACGCCTCCACG 


6681 


0/ea europaea 

Ser29Term 

TCA-TGA 


CGTGGAGGCGTGAAAGGCI 1 1 1 lAACmTCCGACCTCCATAGAAG 
GAGAATGAATAGTTCAAGCCATGAAAACCCTGTGAGATCTGATACG 
AGCATCGGGGAAGGAAGGCATCTTGTGGG 


6682 


CATGGCTTGAACTATTC 


6683 




GAATAGTTCAAGCCATG 


6684 


Increased stearate 

stearoyl-ACP 

desaturase 


GATGCTCGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTC 
ATTCTCCTTCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 
TCCACGAGAGGTACATGTTCAAGTAACCC 


6685 


Olea europaea 

Glu37Term 

GAG-TAG 


GGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAUUUl 1 1 1 1 
AACTnrCCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 


6686 


CTTCTATGIAGGTCGGA 


6687 




TCCGACCTACATAGAAG 


6688 
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Phen6type,Ge!ie, 




seqidI 








( 


ncreased stearate 

5tearovl-ACP 
desaturase 


CGTATCAGATCTCACACiUUI 1 1 1 uATGGCTTCAACTATTCATTO 1 U 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 


0009 1 


c 
0 


0/ea europaea 
biyoi^ 1 errn 
GGA-TGA 


AGGAATGGGTOCTTGAACATGTACCTCTCGTGGAGGCGTGAAAG 
RrTTTTTAACTTTTCAGACCTCCATAGAAGGAGAATGAATAGTTGA 
AGCCATGAAAACCCTGTGAGATCTGATACG 


6690 




TGGAGGTCIGAAAAGn 


6691 1 






AACI 1 1 ICAGACCTCCA 






ncreased stearate 
sfparovl-ACP 
desaturase 


TTCTCGT I Ti 1 G 1 CG 1 CCGU i u i GCTClCTC 1 u I u 1 Ai uauuuauu 
GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 

GCTTCCATTTCTTGCCTCCTATCCGCCTT 


DOuO 1 


10 


Persea arnericana 
v<i4Tprm 

^ y o~ 1 III 

AAA-TAA 


AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGAeTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 


6694 




TGGCACTGIAACTCAGT 


6695 1 






ACTGAGTTACAGTGCCA 


fiRQfi 

wU«9U 1 


15 


Increased stearate 

1 - _ .1 A ^^^^ 

stearoyl-ACP 
desaturase 


CTGCTCTGTCTCTCTATCAGGCACGGAGAAATGGUAU 1 UAAAC 1 C 
AnTrPAf5TrATf5TTTTAATCTCAGAAGCTTCCATTTCTTGCCTCCTA 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 


009/ 


Persea arnericana 
vjin 1 1 1 errn 
CM-TAA 


CCCTCGGAGATGTGAGATrGGAAGGCGGATAGGAGGCAAGAAAT 
fir^AAfirTTrTRAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 

\3Vi3/«/Aww 1 1 w 1 \jr\w/i 1 1 ^rw^w*! i w»»w ■ ww#»w i i • ■ ■ — - 

TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 


6698 




lUAIGI 1 IIAAICTCAG 


6699 1 






CTGAGATTAAAACATGA 


b/UU 1 




Increased stearate 

<;tparovl-ACP 

desaturase 


TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAAOl OAb 1 LUA 
GTCATGTTTCAATCTTAGAAGCTTCCATTTCTTGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGTnTCA 


0/U 1 1 




Persea arnericana 

GIn13Term 

CAG-TAG 


TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTrrCAG 
TGCCATTTCTCCGTGCCTGATAGAGAGAGA 


6702 




TTCAATCITAGAAGCTr 


6703 1 






AARPTTrTAAGATTGAA 


6704 1 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTG 

ATGTTTCAATCTCAGIAGCTTCCATTTCTTGCCTCCTATCCGCGTTC 

CAATCTCAGATCTCCGAGGGTTTTCATGG 


6705 


30 


Persea arnericana 
Lys14Term 

AAri-TAR 


CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAAACATGACTGGACTGAGTTT 
CAGTGCCATTTCTCCGTGCCTGATAGAGAG 


6706 



BNSDOCID: <WO_0192S12A2Ll_> 



wo 01/92512 
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Phenotype,(3cne, 


i Altering OJ!go$ ,^' ,„J. - . ^ 


SEQ ID? 


; 


^TCTCAGIAGCTTCCA 


6707 


1 


■GGAAGCTACTGAGATT 


6708 


Increased stearate c 
stearoyl-ACP ^ 
desaturase ( 


XCCGAGATCTCGC1 GCCGC 1 GCTCA 1 GGCG 1 1 CUCCiliUU i uuu 
^CACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 

3AGCAATGGGATGTCGAAGATGGTGGCCATGGCC 


6709 


Oryza sativa ( 
Tyr12Term ( 
TAC-TAG ; 


3GCCATGGCCACCATCTTCGACATCCCATTGCTCCTCCTCTGCGC 

:acgccgccgcaggactacggcgatgcggtgtgggacgccgcg 
^acgccatgagcagcggcagcgagatctcgggg 


6710 




rCGCCGTAGTCCTGCGG 


6711 


( 


XGCAGGACTACGGCGA 


6712 


nrrppQPfl <^tPr)rdt6 

Stearoyl-ACP | 
desaturase 


CTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 

CTGCGGCGGCGTGGCGTAGAGGAGGAGCAATGGGATGTCGAAGA 

TGGTGGCCATGGCCTCCACCATCAACAGGGTCA 


6713 


C)r\/7a sativd 

Gln19Term 

CAG-TAG 


TGACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
GCGGTGTGGGACGCCGCGAACGCCATGAGCAG 


6714 




GCGTGGCGIAGAGGAGG 


6715 




CCTCCTCTACGCCACGC 


6716 


Increased stearate 

stearoyl-ACP 

desaturase 


CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 

GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 

TCAACAGGGTCAAGACTGCTAAGAAGCCCTACAC 


6717 


Oryza sativa 

Ser26Term 

TCG-TAG 


GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 
ATGGCCACCATCTTCTACATCCCATTGCTCCTCCTCTGCGCCACG 
CCGCCGCAGGAGTACGGCGATGCGGTGTGGG 


6718 


TGGGATGTAGAAGATGG 


6719 




CCATCTTCIACATCCCA 


6720 


Increased stearate 

stearoyl-ACP 

desaturase 


CACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGTAGATGGTGGCCATGGCCTCCACOA 1 OAA 
CAGGGTCAAGACTGCTAAGAAGCCCTACACTC 


6721 


Oryza sativa 

Lys27Term 

AAG-TAG 


GAGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 
CGCCGCCGCAGGAGTACGGCGATGCGGTGTG 


6722 


GGATGTCGIAGATGGTG 


6723 




CACCATCTACGACATCC 


6724 
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Plants Targeted \ 
k : . ^Alteration: 


Altering Oligo$ ; ^ 


SEQ© 
MO: 


Increased stearate 

stearoyl-ACP 

desaturase 


TTCTCTCTCTAGGTTGAGCGGTTACCAACAGAAGCACTTAGGAC3A 

GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCTTCAATCCTT 

CCATGGCGGmCCTCTTCGGGACTTCCTCG 


t)725 


Simmondsia chinensis 

Leu3Term 

TTG-TAG 


CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGGC 

CGTGTGGTGAAGCTTCTACGCCATTGCTTCTCTCTCCTAAGTGCTT 

CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 


6726 




AATGGCGTAGAAGCTTC 


6727 






OiZo 


Increased stearate 

^fparnvl-AnP 
desaturase 


CTCTCTCTAGGTTGAGCGGTTACCAACAGAAGCACTTAGGAGAGA 
GAAGCAATGGCGTTGTAGCTTCACCACACGGCCTTCAATCCTTCC 
ATGGCGGTTACCTCTTCGGGACTTCCTCGAT 


6729 


Simmondsia chinensis 

Lys4Term 

AAGTAG 


ATCGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAG 
GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
CTTCTGTTGGTAACCGCTCAACCTAGAGAGAG 


6730 




TGGCGTTGIAGCTTCAC 


6731 




GTGAAGCTACAACGCCA 


6732 


Increased stearate 

stearoyl-ACP 

desaturase 


AAGCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCAT 
GGCGGTTACCTCTTAGGGACTTCCTCGATCGTATCACCTCAGATC 
TCACCGCGI 1 1 ICATGGCTTCTTCTACAAT 


6733 


Simmondsia chinensis 

Ser19Term 

TCG-TAG 


ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 

GATCGAGGAAGTCCCTAAGAGGTAACCGCCATGGAAGGATTGAAG 

GGCGTGTGGTGAAGCTTCAACGCCATTGCTT 


6734 




TACCTCTTAGGGACTTC 


6735 




bAAvj 1 L/CLrTAAbAob 1 A 


D7ob 


Increased stearate 

stearoyl-ACP 

desaturase 


GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 

GCGGTTACCTCTTCGTGACTTCCTCGATCGTATCACCTCAGATCTC 

ACCGCGTnrCATGGCTTCTTCTACAATTG 


6737 


Simmondsia chinensis 

Gly20Term 

GGA-TGA 


CAAnGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 

AGGCCGTGTGGTGAAGCTTCAACGCCATTGC 


6738 




CCTCTTCGIGACTTCCT 


6739 




AGGAAGTCACGAAGAGG 


6740 


Increased stearate 

stearoyl-ACP 

desaturase 


TGGCTCTGAATCTCAACCCCGl 1 ICCACACCATl ICAGTGICGICG 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAATTCTTCATGGCnCCACTCTCAGCAG 


6741 


Spinacia oleracea 

Ser21Term 

TCA-TGA 


CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGTTTGACGAGGTCAGAAAGACGGCAATCGACGACACTGAAAT 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 


6742 
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Plant Stfargetetl 
Alteration' 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

' ' f Alterlng OJigOf ' ' J\ < 








GTCTTTCTGACCTCGTC 


6743 






GACGAGGTCAGAAAGAC 


6744 




ncreased stearate 

stearoyl-ACP 

desaturase 


AATCTCAACCCCGTTTCCACACCATrrCAGTGTCGTCGATTGCCGT 

CTTTCTCACCTCGTTAAACGCCTTCTCGCAGATCTCCCAAATTCTT 

CATGGCTTCCACTCTCAGCAGCTCTTCTC 


6745 


5 


Spinacia oleraceB 

Gln24Term 

CAA-TAA 


GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATC 

TGCGAGAAGGCGTTTAACGAGGTGA6AAAGACGGCAATCGACGA 

CACTGAAATGGTGTGGAAACGGGGTTGAGATT 


6746 






CACCTCGTTAAACGCCT 


6747 






AGGCGTTTMCGAGGTG 


6748 




Increased stearate 

stearoyl-ACP 

desaturase 


TCCACACCATTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTC 
AAACGCCTTCTCGCIGATCTCCCAAATTCTTCATGGCTTCCACTCT 
CAGCAGCTCTTCTCCTAAGGAAGCGGAAA 


6749 


10 


Spinacia oleracea 

Arg29Term 

AGA-TGA 


TTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGGAAGCCATGA 

AGAATTTGGGAGATCAGCGAGAAGGCGTTTGACGAGGTGAGAAAG 

ACGGCAATCGACGACACTGAAATGGTGTGGA 


6750 






CTTCTCGCIGATCTCCC 


6751 






GGGAGATCAGCGAGAAG 


6752 


15 


Increased stearate 

stearoyl-ACP 

desaturase 


TTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCIAAnCTTCATGGCTTCCACTCTCAGCAGCTC 
TTCTCCTAAGGAAGCGGAAAGCGTGAAGA 


6753 


Spinacia oleracea 

Lys32Term 

AAA-TAA 


TCTTCAGGCTTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGG 
AAGCCATGAAGAATTAGGGAGATCTGCGAGAAGGCGTTTGACGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 






GATCTCCCIAATTCTTC 


6755 






GAAGAATTAGGGAGATC 


6756 


20 


Increased stearate 

stearoyl-ACP 

desaturase 


AAATAGTCGAGGTGAAAAACAGAGCAI CAACAA1 GGCAC 1 GAA 1 A 1 
CAATGGGGTGTCGTGAAAATCTCAGAAAATGTTACCATTTCCTTGT 
TCTTCAGCCAGATCTGAGCGAGTnTCAT 


6757 




Solanum tuberosum 

LeulOTerm 

TTA-TGA 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTAACA 
TTTTGTGAGATTTTCACGACACCCCATTGATATTCAGTGCCATTGTT 
GATGCTCTGI 1 1 1 ICACCTCGACTATTT. 


6758 






GGTGTCGT6AAAATGTC 


6759 






GAGATTTTCACGACACC 


6760 
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>: 


PliBnotype,0€n€, 
Plant & Targeted 
Alteratfori 


Altering OJjgoSi ; , , 


SEOID 




ncreased stearate / 

stearoyl-ACP i 
desaturase 


MAGTCGAGGTGAAAAACAGAGCATCAACAATGGCACTGAATATCA 

f\Tr^oor*TnTr^OTT AT A ATPTP A P A A A ATriTTAPP ATTTPPTTr^TTnT 
^ 1 oooo 1 o I L/0 1 1 A 1 AA 1 U 1 uAUAAAA 1 V3 1 1 AV^OM 1 1 1 \^\^ 1 I V5 1 i v/ 1 

rCAGCCAGATCTGAGCGAG II 1 1 CATGG 


6761 


c 
0 


Solanum tuberosum i 
Lys 1 1 1 erm i 
AAA-TAA 


DCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTA 
GTTGATGCTCTG 1 II II CACCTCGACTAT 


6762 






TGTCGTTAIAATCTCAC 


6763 






GTGAGATTATAACGACA 


6764 




ncreased stearate 

ctoarnvUAPP 

desaturase 


GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGTTAAAATCTCACTAAATGTTACCATTTCCTTGTTGTTCAGCCAGA 
TCTGAGCGAGl 1 1 ICATGGCTTCAACCA 


6765 


10 


Solanum tubemsum 

v<;14Tprm 

.yd 1 " 1 CI 1 1 1 

AAA-TAA 


TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 
GAAATGGTAACATTTAGTGAGAI 1 1 lAACGACACCCCATTGATATTC 
AGTGCCATTGTTGATGCTCTGI 1 1 1 ICAC 


6766 






AATCTCACIAAATGTTA 


6767 






TAACATTTAGTGAGATT 


6768 


15 


Increased stearate 

siearoyi-rvv^r 

desaturase 


ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 

ATnTCACAAAATGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 

CGAGTnrCATGGCTTCAACCATTCATCG 


6769 




Solanum tuberosum 

LeulBTerm 

TTA-TGA 


CGATGAATGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAA 

nA AOA AOnA A ATn/^Tr^APATTTTnTriAr^ATTTTAAPrSAPAPPPnAT 
oAAUAAVjoAAA 1 oo 1 UAUA 1 1 1 1 O I oAoA 1 1 1 1 Mr\Ov3MV*»r\ov.*OOr\ i 

TGATATTCAGTGCCA7TGTTGATGCTCTGT 


6770 






CAAAATGTGACCATTTC 


6771 






GAAATGGTCACATmrG 


6772 


on 


Increased stearate 
desaturase 


TGGCTC7GAGGCT GAACCCTAACCCTTCACAGAAGC 1 C'lll C 1 CI C 

TCCTTCTTCATCATGATCTTCTTCTrCTTCATCGTTCTCGCTTCCTC 

AAATGGCTAGCCTCAGATCTCCAAGGTT 


6773 




Arachis hypogaea 

QprOITprm 

OCl £. 1 1 CI 1 1 1 

TCA-TGA 


AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCTTC 
TGTGAAGGGTTAGGGTTCAGCCTCAGAGCCA 


6774 






TTCATCATGATCTTCTT 


6775 






AAGAAGATCATGATGAA 


R77fi 

Qf 1 O 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


ACCCTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


30 


Arachis hypogaea 
Ser26Term 

TCA-TRA 


GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 


6778 
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10 



15 



20 



Pbejnotype.Gene^ 
Plant &Targ0tea 
. Aiteratipii 




SEOID 


AlterirtQOligo$ / : j ' ] 1 






TrCTTCTTGATCGTTCT 1 


6779 




AGAAC6ATCAAGAAGAA I 


6780 


Increased stearate 

stearoyl-ACP 

desaturase 


CTAACCCTTCACAGAAGCTCTrTCTCTCTCCTTCTTCATCATCATCT 

TCTTCTTCTrCATAGTTCTCGCTTCCTCAAATGGCTAGCCTCAGAT 

CTCCAAGGTTCCGCATGGCCTCCACCCT 


6781 


Arachis hypogaea 

Ser27Term 

TCG-TAG 


AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 
TTGAGGAAGCGAGAACTATGAAGAAGAAGAAGATGATGATGAAGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 


6782 


TTCTTCATAGTTCTCGC 


6783 




GCGAGAACTATGAAGAA 


6784 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser29Term 

TCG-TAG 


CTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCTTCTTCT 
TCTTCATCGTTCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTTCCGCATGGCCTCCACCCTCCGCAC 


6785 


GTGCGGAGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 
AGCCATTTGAGGAAGCTAGAACGATGAAGAAGAAGAAGATGATGA 
TGAAGAAGGAGAGAGAAAGAGCTTCTGTGAAG 


6786 


ATCGTTCTAGCTTCCTC 


6787 




GAGGAAGCIAGAACGAT 


6788 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsirtum 

Leu3Term 

TTG-TAG 


AAAG I lAAAAGCCGTCCAAAACCCAAACCAGGAAACiCjUAAAUUAA 
AAGAAAAAATGGCTTAGAAI 1 1 1 AATGCCATCGCCTCGAAATCTCA 
GAAGCTCCCTTGCTTTGCTCTTCCACCAAA 


6789 


TTTGGTGGAAGAGCAAAGCAAGGGAGCTTCTGAGAI 1 luGAGGCG 
ATGGCATTAAAATTCIAAGCCATITITTCTTnCGTTTGCCTTTCCT 
GRTTTGGGI 1 1 1 GGACGGCTTTTAACTTT 


6790 


AATGGCTTAGAATTTTA 


6791 




TAAAATTCIAAGCCATT 


6792 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Ser1-Term 

TCG-TAG 


CCCAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCl I iGAAl 1 1 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTtiUTI IbUlOii 
CCACCAAAGGCCACCCTOGATCTCCCAA 


6793 


TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 

GAGCTTCTGAGATFTCTAGGCGATGGCATTAAAATTCAAAGCCATT 

TmCTTTTCGTTTGCCTnCCTGGTTTGGG 


6794 


CATC6CCTAGAAATCTC 


6795 




GAGATTTCTAGGCGATG 


6796 
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Piienotype, Gene, 
PlantATargeietl 
Alteration 


. Altering ORgos . ^/^Z ^< 


NQt 


increasea stedrate 

stearoyl-ACP 

desaturase 


AAA A AAA AAA A A A A A A A A A A 11* Jt * * 

CAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAAl 1 1 lA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCTTGCTTTGCTCTTCC 
ACCAAAGGCCACCCTTAGATCTCCCAAGT 


6797 


Gossypium hirsutum 

LysllTerm 

AAA-TAA 


ACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGATTACGAGGCGATGGCATTAAAAnCAAAGCCA 


6798 


1 1 1 1 1 ICI 1 1 ICGTTTGCCTTTCCTGGTTTG 






TCGCCTCGIAATCTCAG 


6799 




c^Tri A ^ ATT A nr^ A a 


6800 


increaseQ stearate 

stearoyl-ACP 

desaturase 


A ^^^^ AAA AAA ^% A A A A A A A A A A H^^^ ■ ■ ■ A A ifi k a "^.^^ .^v m. 

AGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAAl 1 1 lAATGCCA 
TCGCCTCGAAATCTTAGAAGCTCCCTTGCTFTGCTCTTCCACCAAA 
GGCCACCCTTAGATCTCCCAAGTTTTCCA 


6801 


Gossypium hirsutum 

Gln13Term 

CAG-TAG 


TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCAAGGGAGCTTCTAAGATTTCGAGGCGATGGCATTAAAATrCAA 
AGCCAI 1 1 1 1 ICTTTTCGTTTGCCTTTCCT 


6802 




CGAAATCTTAGAAGCTC 


6803 




GAGCTTCTAAGATTTCG 


6804 
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Table 24 

Oligonucleotides to produce plants with reduced linolenic acid 



5 


Plants Targeted 
Alteration 


. .. Altering Oiigo^ . / J 






\eQucea iinoienic acia > 
omega-3 fatty acid 
desaturase < 


(VATAnAArRAnAGAGACTTTTTCCTCTTTTCTTCTTGGGAAGAGGC 
rCCAATGGCGAGCTAGGTTTTATCAGAATGTGGTTTTAGACCTCTC 
DCCAGATTCTACCCTAAACACACAACCTC 


6805 


10 


Arabidopsis thaliana 
Ser4Term < 
TCG-TAG 


rjAnnTTRTfiTRTTTAGGfaTAGAATCTGGGGAGAGGTCTAAAACCA 

CATTCTGATAAAACCTAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 

AAAAGAGGAAAAAGTCTCTGTCGTTCTATT 


6806 






GGCGACSUITUUl 1 IIAI 


DOUi 






ATAAAACCAAGCTCGCC 


6808 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACGACAGAGAC 1 1 1 1 1 OO IUMllL.llvjii ijk3Vj/v\vjA»jo»M» i ovy/^A i 
GGCGAGCTCGGTTTGATCAGAATGTGGI 1 1 1 AGACCTCTCCCCAG 
ATTCTACCCTAAACACACAACCTCI 1 IIGC 


6809 

www 


15 


Arabidopsis tlialiana 

euBTerm 
TTA-TGA 


GCAAAAGAGG TTGTGTb 1 1 1 Abbu I AoAA i L> i V3vj»j<jm\jmvj\j 

AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 

CAAGAAGAAAAGAGGAAAAAGTCTCTGTCGT 


6810 




CTCGGTTTGATCAGAAT 


6811 






ATTCTGATCAAACCGAG 


6812 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ArAr^Ar^ArTTTTTrCTCTTTTCTTCTTGGGAAGAGGCTCCAATGGC 
GAGCTCGGTTTTATGAGAATGTGGTTTTAGACCTCTCCCCAGATTC 
TACCCTAAACACACAACCTCI 1 1 IGCCTC 


6813 


Arabidopsis thaliana 

SerTTerm 

TCA-TGA 


f5Ar;r;rAAAARAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGT 
CTAAAACCACAnCTCATAAAACCGAGCTCGCCATTGGAGCCTCTT 
CCCAAGAAGAAAAGAGGAAAAAGTCTCT6T 


6814 




GGl 1 1 1 A 1 GAGAATGTG 


6815 






CACATTCT£ATAAAACC 


6816 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AGAGACTTTTTCCTCTTTTCTrCTTGGGAAGAGGCTCCAATGGCGA 
GCTCGGTnTATCATAATGTGGTnTAGACCTCTCCCCAGATTCTA 
CCCTAAACACACAACCTCI 1 1 IGCCTCTA 


6817 




Arabidopsis tlialiana 

GluSTerm 

GAA-TAA 


TAGAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAG 
GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 


6818 




1 1 1 lAICATAATGTGGT 


6819 






ACCACATTATGATAAAA 


6820 
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Phenotype,Gene, 
Plant &Targete<f 
AJteration 


. AiCeritigOligo$ - [ , ' ^ ' ^ ' 




•^prliippri llnolpnir priri 

lAwUUv/wU llllUiClllw CtwIU 

omega-3 fatty acid i 
desaturase < 


rCATCATCTTCTTC'l 1 CTGGGGAGAGAGAGAGAGCAAAAGAGCTCl 
^GCAATGGCGAACTAGGTCTTATCCGAATGTGGCATMGACCTCT 
CCCCAGAATCTACACCACACCCAGATCCAC 


■ 6821 


Brassicd juncea < 

Leu4Term 

TTG-TAG 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CATTCGGATAAGACCTAGTTCGCCATTGCTAGAGCTCI 1 1 IGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


. 6822 




GGCGAACTAGGTCTTAT 


6823 




ATAAGACCIAGTTCGCC 


6824 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCTTCTTCTTCTGGGGAGAGA6AGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACTTTCCT 


6825 


Brassies juncea 

Leu6Term 

TTA-TGA 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTl 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCm 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


■ 6826 

r 


CTTGGTCTfiATCCGAAT 


6827 




6828 

wWbW 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassies juncea 
GluSTerm 
GAA-TAA 


TTrTTrTr5r5RRAfiAGAGAGAGAGCAAAAGAGC:TCTAGCAATGGCC 
AACTTGGTCTTATCCTAATGTGGCATAAGACCTCTCCCCAGAATCT 
ACACCACACCCAGATCCACTTTCCTCTCCA 


3 6829 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 
GGTCTTATGCCACA™GGATAAGACCAAGTTCGCCATrGCTAGA( 
CTCI 1 1 IGCTCTCTCTCTCTCCCCAGAAGAA 


6830 

S 


TCTTATCCIAATGTGGC 


6831 


GCCACATTAGGATAAGA 


6832 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
CysQTerm 
TGT-TGA 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACT 
GGTCmTCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 
CACACCCAGATCCACTTTCCTCTCCAACACC 


T 6833 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGG 
GAGAGGTCnATGCCTCATTCGGATAAGACCAAGTTCGCCATTGC 
AGAGCTCI 1 1 IGCTCTCTCTCTCTCCCCAG 


G 6834 
T 


TCCGAATGAGGCATAAG 


6835 


CTTATGCCTCATTCGGA 


6836 


Keduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
TrpSTerm 
TGG-TGA 


ATAACAGAAnGCTGAAncnGCAl 1 1 1 lAGCnCTGGGI 1 1 ICA) 
TGGCTGCTGGTTGAGTArrATCAGAATGTGGTTTAAGGCCTCTCC 
AAGAATCTACTCACGACCCAGAATTGGT 


V 6837 
C 


ACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATAATACTCAACCAGCAGCCATTGAAAACCCAGAAGC 
AAAAATGCAAGAATTCAGCAATTCTGTTAT 


) 6838 
T 
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Plant &Targetect i 


' ' ' Altering Oligo$ . 


'MO;:.:; 


::. Alteration . 






GCTGGTTGAGTATTATC 


6839 




GATAATACICAACCAGC 


6840 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AGAATTGCTGAATTCTTGCATTITTAGCTTCTGGGTTTTCAATGGCT 
GCTGGTTGGGTAT6ATCAGAATGTGGTTTAAGGCCTCTCCCAAGA 
ATCTACTCACGACCCAGAATTGGI 1 1 lAC 


6841 


Ricinus communis 

Leu7Term 

TTA-TGA 


GTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 

AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

AAGCTAAAAATGCAAGAAnCAGCAATTCT 


6842 




TTGGGTATGATCAGAAT 


6843 




ATTCTGATfiATACCCAA 


6844 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATTGCTGAATTCTTGCATTTTTAGCTTCTGGGTTTTCAATGGCTGCT 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGAATCT 
ACTCACGACCCAGAATTGGI 1 1 lACATC 


6845 


Ricinus communis 

SerSTerm 

TCA-TGA 


GATGTAAAACCAATTCTGGGTCGTGAGTAGATTC7TGGGAGAGGC 
CTTAAACCACATTCTCATAATACCCAACCAGCAGCCATTGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 


6846 




GGTATTATGAGAATGTG 


6847 




CACATTCTCATAATACC 


6848 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TGCTGAATrCTTGCATTTTTAGCTTCl GGG nTTCAATGGCTGCTG 
GTTGGGTATTATCATAATGTGGTTTAAGGCCTCTCCCAAGAATCTA 

CTCACGACCCAGAATTGGI 1 1 lACATCGA 


6849 


Ricinus communis 

GluQTerm 

GAA-TAA 


TCGATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 

GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

CCCAGAAGCTAAAAATGCAAGAATTCAGCA 


6850 




TATTATCAIAATGTGGT 


6851 




ACCACATTATGATAATA 


6852 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCAAGHGGGI 1 1 lAICAGAArGTGGTCI lAGACCAClCCCAAGAA 
TCTACCCTAAGCCCTGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACATTAAGTTGAGAATTTCACGTACAGATC 


6853 


Nicotians tabacum 

Arg22Temi 

AGA-TGA 


GATCTGTACGTGAAATTCTCAACTTAATGTGAGAGGAGGCAGAAGT. 
GGCTGCCCCAGnCAGGGCTTAGGGTAGATTCTTGGGAGTGGTCT 
AAGACCACATTCTGATAAAACCCAACTTGC 


6854 




CTAAGCCCTGAACTGGG 


6855 




CCCAGTTCAGGGCTTAG 


6856 



wo 01/92512 
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Pfienotype^Gene, 
Plant & Targeted 
, , Meratlpn 


Alt0riii0OligO$ ^ |>. 


SEQID 


■ 




Reduced linolenic acid 
omuya-o Tduy duia 
desaturase 


CTCCCAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCT 
nrrTrPTrTrArATTTAfiTTRARAATTTCACGTACAGATCTGAGTG 
GnCTGCAATrrCTTTGTCTAATACTAATA 


6857 


5 


Nicotians tabacum 

■^yww^ 1 II 1 

AAG-TAG 


TATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGTACG 
TGAAATTCTCAACTAAATGTGAGAGGAGGCAGAAGTGGCTGCCCC 
AGTTCTGGGCTrAGGGTAGAnCTTGGGAG 


6858 






CTCACATTIAGTTGAGA 


6859 






TCTCAACTAAATGTGAG 


6860 




Reduced linolenic acid 
oniega-3 fatty acid 
desaturase 


CAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCT 
CCTCTCAGATTAAGTAGAGAATTTCACGTACAGATGTGAGTGGTTC 
TGCAATTTCnrGTCTAATACTAATAAAGA 


COCA 

6861 


10 


Nicotiana tabaojm 

Leu35Term 

TTG-TAG 


TCTTTATTAGTAraGACAAAGAAATTGCAGAACCACTCAGATCTGT 

ACGTGAAATTCTCIACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 

CCCAGTTCTGGGCTTAGGGTAGAnCTTG 


6862 






CATTAAGTAGAGAATTT 


6863 






AAATTCTCTACTTAATG 


0004 


15 


Reduced linolenic acid 
onieaa-3 fattv acid 
desaturase 


AGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCTCC 

TCTCACATTAAGTTGTGAATTTCACGTACAGATCTGAGTGGTTCTG 

CAATTTCTTTGTCTAATACTAATAAAGAGA 


M n A f* 

6865 




Nicotiana tabacum 

Arn'^fiTprm 
AGA-TGA 


TCTGTTrATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCT 
fiTArftTftAAATTflAriAAmTAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCTTAGGGTAGATTCT 


6866 






TTAAGTTGIGAATTTCA 


6867 






TGAAATTCACAACTTAA 


6868 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCGAGI IGyUI 1 1 lAIUAUAAIUlGGTCTGACaGCCACTCCCGAGG 
GTCTATCCTAAGCCATGAACTGGCCACCGTTTGTTGAATTCCAATC 
CCACAAAGCTGAGAI 1 1 1 CAAGAACAGATC 


6869 




Sesamum indicum 

Arg22Term 

AGA-TGA 


GATCTGTTCnGAAAATCTCAGCTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCGAGTTCATGGCTTAGGATAGACCCTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 


6870 






CTAAGCCAIGAAGTGGC 


6871 






bCOAol ILAIouOl lAb 


00/ ^ 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCGAA 
GAACTGGCCACCCTTAGTTGAATrCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


30 


Sesamum indicum 

Leu27Term 

TTG-TAG 


GAAGAACCATTTCCAAGATGTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGAATTCAACTAAGGGTGGCCAGTTGTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 


6874 



BNSDOCID: <WO_0192512A2^L> 



wo 01/92512 



-195- 



PCT/USOl/17672 



i Phenotype^Gene, 


^ ' . ^ ^ ' ; 




Plant &T^rgotetl 








NO; 




CCACCCTTAGTTGAATT 


6875 




AATTCAACIAAGGGTGG 


6876 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CIGGCCACCCTnGTAGAATTCCAATCCCACAAAGCTGAGATTTTC 
AAGAACAGATCTTGGAAATGGTTCTTCATT 


6877 


Sesamum indicum 

Leu28Term 

TTG-TAG 


AATGAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCl l lUl 
GGGATTGGAATTCIACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 
GACCCTCGGGAGTGGCCTCAGACCACATT 


6878 




CCCTTTGTAGAATTCCA 


6879 




TGGAATTCIACAAAGGG 


6880 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTCCCGAGGGTCTATCCTAAGCCAAGAACTGGCCACCCI 1 IGI IG 
AATTCCAATCCCACATAGCTGAGAI 1 1 1 CAAGAACAGATCTTGGAA 
ATGGTTCTTCATTCTGTTTGTCGAGTGGGA 


6881 


Sesamum indicum 

Lys34Term 

AAG-TAG 


TCCCACTCGACAAACAGAATGAAGAACCATTTCCAAGATCTGTTCT 
TGAAAATCTCAGCTATGTGGGATTGGAATTCAACAAAGGGTGGCC 
AGTTCTTGGCTTAGGATAGACCCTCGGGAG 


6882 




ATCCCACATAGCTGAGA 


6883 




TCTCAGCTATGTGGGAT 


6884 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CATCAGAGCGGCGAl ACC 1 AAGCATTGC 1 GGG'I i AAGAA 1 CCA 1 G 
GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 
ACTAGCTGCTGGAGCTGCTTACCTCAACAAT 


6886 


Brassica napus 

Tyr3Term 

TAG-TAG 


ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGAGCTAACTCATAGACTTCCATGGATTCTTAACC 
CAGCAATGCTTAGGTATCGCCGCTCTGATG 


6886 




ATGAGnAGGTCGTCAG 


6887 




CTGACGACCTAACTCAT 


6888 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCT 
ATGAGTTACGTCGTCTGAGAGCTAGCCATCGTGTTCGCACTAGCT 
GCTGGAGCTGCTTACCTCAACAATTGGCTTG 


6889 


Brassica napus 

ArgBTenm 

AGA-TGA 


CAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGT6CGAACA 
CGATGGCTAGCTCTCAGACGACGTAACTCATAGACTTCCATGGAT 
TCTTAACCCAGCAATGCTTAGGTATCGCCGC 


6890 




ACGTCGTCIGAGAGCTA 


6891 




TAGCTCTCAGACGACGT 


6892 



wo 01/92512 
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-196- 



Pjhenotype,(5ene, 
; Plant & Targeted 


J ; Altering Ollgo$ , . 




Alteration 




MO: 


Keoucea iinoienic acid 
omega-3 fatty acid 
desaturase 


(jObATAOLTAAbOATTvjCTGGGTTAAGAATCCATGGAAGTCTATGA 

GTTACGTGGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 

GAGCTGCTOCCTCAACAATTGGCTTGTTT 


6893 


Brassica napus 

GluTTerm 

GAG-TAG 


AAACAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGA 

ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 

GATTCTTAACCGAGCAATGCTTAGGTATCGC 


6894 




TCGTCAGATAGCTAGCC 


6895 








KeaucBQ iinoi6nic acio 
omega-3 fatty acid 
desaturase 


/^/^ ATO/^ A A OT/^T ATO A OTT A /*»/^T/^/^T/^ A A A /^OT A f^r^f^ AT/^/^T^ 

LLATGoAAbTCTATGAGTTACGTCGTCAGAGAGCTAGCCATCGTG 
TTCGCACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTTT 
GGCCTCTCTATTGGATTGCTCAAGGAACCA 


6897 


Brassica napus 

Gly17Term 

GGA-TGA 


TGGTrCCTTGAGCAATCCAATAGAGAGGCCAAACAAGCCAATTGTT 

GAGGTAAGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 

CTCTGACGACGTAACTCATAGACTTCCATGG 


6898 




TAGCTGCTTGAGCTGCT 


6899 




AGCAGCTCAAGCAGCTA 


6900 


Reduced Iinoienic acid 
onnega-3 fatty acid 
desaturase 


GCAAGTTGGGTTCTATCAGAATGTGGTCTTAGACCACTACCAAGAA 
TATACCCAAAGCCCTGAATAGGGTCTTCTTCCGTTTGCGCCACCAA 
TTTAAATCTGAGAAGAATTTCACCTTCAC 


6901 


Sotanum tuberosum 

Arg22Term 

AGA-TGA 


GTGAAGGTGAAATTCTTCTCAGATTTAAAnGGTGGCGCAAACGGA 
AGAAGACCCTATTCAGGGCTTTGGGTATATTCTTGGTAGTGGTCTA 
AGACCACATTCTGATAGAACCCAACTTGC 


6902 




CAAAGCCCIGAATAGGG 


6903 




V^Ov 1 M 1 1 OMoooO 1 1 1 U 


DyU4 


KeauceQ iinoienic acid 
orneaa-3 fattv acid 
desaturase 


T/^/^T/^TT A A f^/^ A A A A A ATATAO/^/^A A A /^^K\f^ A A ATA 

\ btjTCl 1 AbACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 
GTCTTCTTCCGTTTRARnCAnnAATTTAAATnTftARAARAATTTPA 

CCTTCACCTATACGAACAGATCGGAATTGT 


6905 


Solanum tuberosum 

Cys29Term 

TGC-TGA 


ACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAATTCTTCTCAGA 
TTTAAATTGGTGGCICAAACGGAAGAAGACCCTATTCTGGGCTTTG 
GGTATATTCTTGGTAGTGGTCTAAGACCA 


6906 




TCCGITTGAGCCACCAA 


6907 




TTGGTGGCTGAAAC GG A 


6908 


Reduced Iinoienic acid 
omega-3 fatty acid 
desaturase 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

TTGCGCCACCAATTGAAATCTGAGAAGAATTTCACCTTCACCTATA 

CGAACAGATCGGAATTGTTGGGCATTGAG 


6909 


Solanum tuberosum 

Leu33Term 

TTA-TGA 


CTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAA 
TTCTTGTCAGATTTCAATTGGTGGCGCAAACGGAAGAAGACCCTAT 
TCTGGGCTTTGGGTATATTCTTGGTAGTG 


6910 



wo 01/92512 
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Pli€notype,<3en€, 


iiiiiiiiiiiPiiiiii^^^^ 

^ Altering OJigos '- ^r- ' ' ' 


, - 
SEQ ID'; 


Alteration 




NO: - 


C 


:accaattgaaatctga 


6911 


1 


■CAGATTTCAATTGGTG 


6912 


Reduced linolenic acid / 
omega-3 fatty acid C 
desaturase ( 


^GAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGl 1 lUUUOCA 
XAATTTAAATCTGIGAAGAATTTCACCTTCACCTATACGAACAGAT 
^GGAATTGTTGGGCATTGAGGGTAAGTG 


6913 


Solanum tuberosum ( 
Arg36Term - / 
AGA-TGA ( 


:ACTTACCCTCAATGCCCAACAATrCCGATCTGTrCGTATAGGTGA 
\GGTGAAATTCTTCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 
3ACCCTATTCTGGGCTTTGGGTATATTCT 


6914 


1 


rAAATCTGIGAAGAATT 


6915 


> 


\ATTCTTCACAGATTTA 


6916 


Reduced linolenic acid ( 
omega-3 fatty acid 
desaturase > 


TTCnTAnATCCTCCTCI ICI 1 IGI 1 1 1 1 1 1 IGAGITCTGAGTCACC 

rATGGCAAGTTGAGTGATTTCAGAATGTGGGCTAAGGCCACTTCC 

\AGAATCTATGCCAGGCCCAGAAGTGGA 


6917 


Petroselinum chspum 
Trp4Term > 
TG6-TGA J 


rCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGCCTTAGCCC 
\CATTCTGAAATCACICAACTTGCCATAGGTGACTCAGAACTCAAA 
^AAAACAAAGAAGAGGAGGATAATAAAGAG 


6918 


{ 


SCAAGTTGAGTGATTTC 


6919 


i 


3AAATCACICAACTTGC 


6920 


Reduced linolenic acid 
omega-3 fatty acid i 
desaturase 


rATCCTCCTCTTCTTTGI 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCA 
^GTTGGGTGATTTGAGAATGTGGGCTAAGGCCACTTCCAAGAATC 
rATGCCAGGCCCAGAAGTGGAGCTTCATG 


6921 


Petroselinum chspum 

Ser7Term 

TCA-TGA 


CATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGC 
CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 
AACTCAAAAAAAACAAAGAAGAGGAGGATA 


6922 




GGTGATTTGAGAATGTG 


6923 




CACATTCTCAAATCACC 


6924 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCCTCCTCTTCTTTGI 1 1 1 1 1 1 IGAGITCTGAGTCACCTATGGCAAG 
nGGGTGATTTCAIAATGTGGGCTAAGGCCACTTCCAAGAATCTAT 
GCCAGGCCCAGAAGTGGAGCTTCATGTT 


6925 


Petroselinum crispum 

Glu8Tenn 

GAA-TAA 


AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTG 

GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AGAACTCAAAAAAAACAAAGAAGAGGAGGA 


6926 




TGATTTCAIAATGTGGG 


6927 




CCCACATTATGAAATCA 


6928 



wo 01/92512 
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PCT/USOl/17672 ' 





Phenotype, Cene, 
Plant &T^rgetetf , 
iterate ' t^^i 








' ^ Altering 0]igo$ ' . /vj^ " i 


SEQID 






NO: ' 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


C1U1 lUI 1 iGl 1 1 1 1 1 1 luAGI ICKjAGILAC/CI AlbLjLAAbI Ibbb 

TGATTTCAGAATGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 




5 


Petroselinum crispum 

'^vsQTerm 

TGT-TGA 


GTTGAAACATGAAGCTCCACTTCTGGGCCTGGCATAGAnCTTGGA 
AGTGGCCTTAGCCCICATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAAACAAAGAAGAG 


6930 






TCAGAATGAGGGCTAAG 


6931 






CTTAGCCCICATTCTGA 






Reduced linolenic acid 
onriega-3 fatty acid 
desaturase 


ATGAAGCAGCAACAGl AUAAAliAUAUUUUAA 1 1 U 1 AAA 1 UbUb 1 1 A 
AIGGITITCATGCTIAAGAAGAAGAAGAAGAAGAGGATTTCGACTT 
AAGCAATCCTCCTCCATTCAATATTGGTC 




10 


Vemicia fordii 

-ys21Term 

AAA-TAA 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
TTCTTCTTCTTCTTAAGCATGAAAACCATTAACGCCATTTAGAATTG 
GGGTGTCTTTGTACTGTTGCTGCTTCAT 


6934 






"iTCATGCTTAAGAAGAA 


6935 






TTCTTCTTAAGCATGAA 


0900 


15 


Reduced linolenic acid 
omega-u lauy aciu 
desaturase 


AAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATG 

f^TTTTPATGrTAAATAAGAAGAAGAAGAAGAGGATTTCGACTTAAG 

CAATCCTCCTCCATTCAATATTGGTCAGA 


byo/ 




Vemicia fordii 

Riii22TGrm 

GAA-TAA 


TCTGACCAATATTGAATGGAGGAGGAnGCTTAAGTCGAAATCCTC 
TTCTTCTTCTTCTTATTTAGCATGAAAACCATTAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 


6938 






ATGCTAAAIAAGAAGAA 


6939 






TTC7TCTTATTTAGCAT 


6940 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 






Vemicia fordii 

Glu23Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCTTCTTCTTATTCTrTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6942 






CTAAAGAAIAAGAAGAA 


6943 






TTPTTrTTATTPTTTAR 


6944 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATAnGGTCAGATCC 


6945 


30 


Vemicia fordii 

Glu24Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCTTCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 



BNSDOCID: <WO_01©2512A2LI_> 



wo 01/92512 
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PCT/USOl/17672 



Phenotyp.e,Gen«, : 






SEQID. 


Plant &Targ0te(J 






CTAAAGAATAAGAAGAA 


6947 




TTCTTCTTATTCTTTAG 


6948 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Tyr21Term 
TAT-TAG 


GGTCC^AAGCACAGCCTCTACAACAI G 1 IGGTAA i GG 1 GCAGCiUAA 
AGAAGATCAAGCTTAGTTTGATCCAAGTGCTCCACCACCCTTCAAG 
ATTGCAAATATCAGAGCAGCAATTCCAAAA 


6949 


TTTTriRAATTGCTGCTCTGATATTTGCAATCTTGAAGGGTGGTGGA 
GCACTTGGATCAAACTAAGCnGATCTTCTTTCCCTGCACCATTAC 
CAACATGTTGTAGAGGCTGTGCTTGGACC 


6950 


CAAGCTrAGTTTGATCC 


6951 


GGATCAAACTAAGCTTG 


6952 


Reduced linolenic acid 
onnega-3 fatty acid 
desaturase 
Glycine max 
Lys31Term 
AAG-TAG 


GGTAATGGTGCAGGGAAAGAAGATCAAGCTTAl 1 1 luAICCAAGTG 
CTCCACCACCCTTCIAGATTGCAAATATCAGAGCAGCAATTCCAAA 
ACATTGCTGGGAGAAGAACACATTGAGAT 


6953 


ATCTCAATGTGTTCTTCTCCCAGCAATGl 1 1 1 uGAATTGCTGCTCT 
rATATTTfirAATrTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

fir.TTGATCTTCTTTCCCTGCACCATTACC 


6954 


CACCCTTCTAGATTGCA 


6955 


TGCAATCTAGAAGGGTG 


6956 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Arg36Term 
AGA-TGA 


AAAftAAGATCAAGCTTATTTTGATCCAAGTGCTCCACCACCCTTCA 
AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 
GAACACATTGAGATCTCTGAGTTATGTTC 


6957 


RAAP ATAACTCAGAGATCTCAATGTGTTCTTCTCCCAGCAATG 1 1 1 1 
GGAAnGCTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 
CTTGGATCAAAATAAGCTTGATCTTCTTT 


6958 


CAAATATCTGAGCAGCA 


6959 


TGCTGCTCAGATATTTG 


6960 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Glycine max 
Leu41Term 
AAA-TAA 


TATTTTGATCCAAGTGCTCCACCACCCTTCAAGATTGCAAATATCA 

GAGCAGCAATTCCATAACATTGCTGGGAGAAGAACACATTGAGATC 

TCTGAGTTATGTTCTGAGGGATGTGTTGG 


6961 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGTTCn 
CTCCCAGCAATGTTATGGAATTGCTGCTCTGATATTTGCAATCTTG 
AAGGGTGGTGGAGCACTTGGATCAAAATA 


6962 


CAATTCCAIAACATTGC 


6963 


GCAATGTTATGGAATTG 


6964 



wo 01/92512 
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Pjh€notype,<3€nfi, ^ 
PI$nt& Targeted 


■ . Altering OKgos , . ' 


SEaiD 




Alteration 




NU. 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAI CCACCCGCACCCGCACCCGCCCCGC1 GACGGCGGCAATGGC 
CCGGCTCGTGCTCTCCIAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGC6C 


6965 


5 


Zea mays 
GluSTerm 


GCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 






TGCTCTCCIAGTGCTCG 


6967 






CGAGCACTAGGAGAGCA 


6968 


10 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCATTGCGGCGCGGTCA 


6969 


Zea mays 
Cys9Ten7i 
TGC-TGA 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

TTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 






TCCGAGTGATCGGGCCT 


6971 






AGGCCCGAICACTCGGA 


6972 


15 


Reduced linolenic acid 
omega-3 fatty acid 
desattjrase 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 




Zea mays 
Ser1 OTerm 

TOO TAO 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 

GGACGGGCGCGAGGCCCIAGCACTCGGAGAGCACGAGCCGGGC 

CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 






CGAGTGCTAGGGCCTCG 


6975 






CGAGGCCCIAGCACTCG 


6976 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCATTGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 




Zea mays 

Ser29Term 

TCA-TGA 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 
CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGCCCGAGC 


6978 






GGCGCGGTGACCCCCCG 


6979 






CGGGGGGTCACCGCGCC 


6980 


25 


Keduced linolenic acid 
omega-3 fatty acid 
desaturase 


uuuuu 1 uucCCACGCACACGCACAGATCCAl CCGCGGCCAT6GC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


30 


Triticum aestivum 

GluSTerm 

GAG-TAG 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 



BNSDOCID: <WO_0192512Aa_L> 



wo 01/92512 
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Phenotype.Gene, 
,Plant'«^Targ0tBtf 


J, Altering Oligosf, 




i ■ ■ Alterafiott,. 1 








FGAGGCCGIAGCAGGAG 


6983 


( 


3TCCTGCTACGGCCTCA 


6984 


Reduced linolenic acid i 
omega-3 fatty acid 
desaturase 


CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCG 

CGCAATGAGGCCGGAGTAGGAGGCGAGCTGCAAGGCCACCGAG 

GACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 


6985 


Triiicum aestivum 

GInQTerm 

CAG-TAG 


GCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 
CTTGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 




GGCCGGAGIAGGAGGCG 


6987 




CGCCTCCTACTCCGGCC 


6988 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGACC 
ACCGCTCCGAGTTCGACGCCGCCAAGCCGCCGC 


6989 


Triticum aestivum 

GlulOTerm 

GAG-TAG 


GCGGCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGT 

GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCATTGCGGGGGCCA 

TGGCCGCGGATGGATCTGTGCGTGTGCGTGGGGG 


6990 


CGGAGCAGIAGGCGAGC 


6991 




GCTCGCCTACTGCTCCG 


6992 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCAAGCCGCCGCCCTTCCGCATC 


6993 


Triticum aestivum 

Cys13Term 

TGC-TGA 


GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCnrCAGCTCGCCTCCTGCTCCGGCCTCATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 


6994 


GCGAGCTGAAAGGCCAC 


6995 




GTGGCGTTICAGCTCGC 


6996 


Reduced linolenic acid 
omega-3 fatty acid, 
desaturase 


TnrCACAAATCACAAAl CGGAATCAGAI CCACCACGAUAUUUUUU 
CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 


6997 


Oryza sativa 

Ser4Temi 

TCG-TAG 


GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCCTTGCAGTC 
GGCCTCCTGGGTCGCCIACGCCGCCATTGCCGCCGGGGTGTCGT 
GGTGGATCTGATTCCGATTTGTGATTTGTGAAG 


6998 


GGCGGCGTAGGCGAGCC 


6999 




GGGTCGCCIACGCCGCC 


7000 
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omega-3 fatty acid 
desaturase 


GCGGCGTCGGCGACCTAGGAGGCCGACTGCAAGGCTTCCGAGG 
ACGCCCGTCTCTTCTTCGACGCCGCCAAGCCCC 


7001 

f \J\J 1 


Oryza sativa 

GInTTerm 

CAG-TAG 


GGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGG 

CTTGCAGTCGGCCTCCTAGGTCGCCGAGGCCGCCATTGCCGCCG 

GGGTGTCGTGGTGGATCTGATTCCGATTTGTGAT 


7002 




CGGCGACCTAGGAGGCC 


7003 




OV3LrO 1 UO 1 Moo 1 UoULrO 


7dOA 

1 UU*T 


Keouceo iinoienic acio 
omega-3 fatty acid 
desaturase 


AUAAA 1 LrboAA I LrAoA 1 UUAUUAUoAUAUUOOooUoouAA 1 ooU 

GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCTTCCGAGGACG 
CCCGTCTCTTCTTCGACGCCGCCAAGCCCCCGC 


7nnc 
/UUo 


O/yza saf/Va 

GluSTerm 

GAG-TAG 


GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGATTCCGATITGT 


7006 




CGACCCAGIAGGCCGAC 


7007 




GTCGGCCTACTGGGTCG 


7008 


l?orlMr*oH linnfonir* sii^iH 
lACUliUcU illiUIt;filu dOlU 

omega-3 fatty acid 
desaturase 


TPAf^ATPPAPrArf^ArArrrrnr^rr^r^PAATrir^rririrf^TPr^nrnA 
CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 
TTCGACGCCGCCAAGCCCCCGCCCTTCCGCATC 


7nnQ 


Oryza sativa 

CyslOTerm 

TGC-TGA 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 




GCCGACTGAAAGGCTTC 


7011 




GAAGCCTTICAGTCGGC 


7012 
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WHAT IS CLAIMED IS: 



1 . An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA donfiain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a terminus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 



3. The oligonucleotide according to claim one that comprises a 2'-0-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 



5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2-0-metiiyl analog, a locked 
nucleotide analog and a ribonucleotide. 



6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 



7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 

8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 



, PCT/USOl/17672 
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-204- 

9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 



12. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7. said target genetic material 
being a non-transcribed DNA strand of a duplex DMA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 10. 

1 4. A cell comprising the genetic material of claim 1 3. 

15. A plant organism comprising the cell according to claim 14. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

17. A method of determining whether an oligonucleotide is optimized for targeted 

alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified Z-O-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 



1 9. The method of claim 1 7 in which the alteration is produced In a cell. 



20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected fi-om the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-0-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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Wild type: GAC AGC AT g]GCCAGT 
Mutant: GACAGCAT- GCCAGT 
Converted: GAC AGC AT ^GCCAGT 



Sequence analysis of Tet*^plasmid A208 



Control 



3S/25A 




Figure 3 
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DNA sequence analysis of Kan^ plasmids 
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HvaE3T/25: 5 ' - AGG GCG TGG ATA CGT CCT GCG GGT A- 3' 



HvaE3T/74 : 5 ' - CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3 ' 



HvaE3T/74a! 5 ' - GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 

CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACQ. AG-3 ' 



HvaGG/Rev: 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3' 5' T 



Kan70T: 5 ' - CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 
AAGCCGAT C CTGACC 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 



FUSION GENE FOR LiGAND BINDING 
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TAG 



X3EO 




•TAG 

FIAsH Peptide 
RVDAAAREACCRECCARAI * 

Figure 9 
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